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DESCRIPTION 

PREVENTIVE OR REMEDY FOR INFLAMMATORY DISEASE 
5 Technical Field 

The present invention relates to novel agents for preventing or treating inflammatory 
diseases, which comprise NR 10 antagonists as active ingredients. The present invention also 
relates to methods for preventing or treating inflammatory diseases, which use NR 1 0 
antagonists. 

10 

Background Art 

Many cytokines are known as humoral factors involved in the growth and differentiation 
of various types of cells, or in the activation of differentiated mature cell functions. 
Cytokine-stimulated cells produce different types of cytokines, thereby forming networks of 

15 multiple cytokines in the body. Biological homeostasis is maintained by a delicate balance of 
the mutual regulation between cytokines in these networks. Many inflammatory diseases are 
thought to result from a failure of such cytokine networks. Thus, monoclonal antibody-based 
anti-cytokine therapy is drawing much attention. For example, anti-TNF antibodies and 
anti-IL-6 receptor antibodies have been demonstrated to be highly effective clinically. On the 

20 other hand, there are many examples of failure where no therapeutic effects were produced when 
a single cytokine, such as IL-4, was blocked alone, due to the activation of compensatory 
pathways in actual pathological conditions. 

The present inventors succeeded in isolating a novel cytokine receptor NR 10 that was 
highly homologous to gpl30, a receptor for IL-6 signal transduction (Patent Document 1). NR 

25 10 forms a heterodimer with oncostatin M receptor (OSMR) and functions as an IL-31 receptor 
(Non-patent Document 1). Zymogenetics, Inc. reported that transgenic mice overexpressing 
IL-31 spontaneously developed pruritic dermatitis (Patent Document 2). 

However, it cannot be asserted that the forced expression of a cytokine in mice or a high 
blood level of a cytokine in pathological model mice is indeed the cause of a disease. There is 

30 no information on whether any therapeutic effects are produced when a signal is blocked by an 
antibody. For example, pruritic dermatitis develops in transgenic mice in which IL-18 is 
overexpressed in keratinocytes. Furthermore, the blood IL-18 concentration elevates with the 
progression of pathological conditions in NC/Nga model mice for spontaneous atopic dermatitis. 
Based on the above findings, the overexpression of IL-18 was predicted to be the cause of 

35 disease. In reality however, the administration of neutralizing antibodies produced no 
therapeutic effects (Non-patent Document 2). 
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As described above, inhibition of the function of a cytokine does not necessarily 
produce therapeutic effects in diseases in which the expression level of a cytokine is elevated. 
Prediction of diseases on which therapeutic effects are actually produced is difficult to make 
based on the expression level of a cytokine. It is thus important to find diseases in which 
5 inhibition of signal transduction of a target cytokine actually produces therapeutic effects. 

Prior art documents of the present invention are described below. 
Patent Document 1 : WO 00/753 14 
Patent Document 2: WO 03/060090 

Non-patent Document 1 : IL-3 1 is associated with cutaneous lymphocyte antigen-positive skin 
10 homing T cells in patients with atopic dermatitis, J Allergy Clin Immunol. 2006 Feb; 117(2): 
418-25 

Non-patent Document 2: Administration of anti-interleukin 18 antibody fails to inhibit 
development of dermatitis in atopic dermatitis -mo del mice NC/Nga, British Journal of 
Dermatology 149: 39-45, 2003 

15 

Disclosure of the Invention 

[Problems to be Solved by the Invention] 

The present invention was achieved in view of the circumstances described above. An 
objective of the present invention is to provide cytokine receptor antagonist-based anti-cytokine 
20 therapies for inflammatory diseases. More specifically, the objective of the present invention is 
to discover inflammatory diseases in which a therapeutic effect may be obtained by anti-NR 10 
neutralizing antibodies, and to provide novel methods for treating such diseases. Another 
objective of the present invention is to provide anti-human NR 10 neutralizing antibodies that are 
clinically applicable to humans. 

25 

[Means for Solving the Problems] 

The present inventors conducted dedicated studies to solve the above-described 
objectives. The present inventors tried to assess the drug efficacy of anti-mouse NR 10 
neutralizing antibodies in mouse models for various pathological conditions. The results 

30 demonstrated that the neutralizing antibodies produced the effect of markedly suppressing 

symptoms in atopic dermatitis model mice using NC/Nga mice, and in model mice for chronic 
dermatitis, which were developed by repeated application of picryl chloride. This proved that 
the neutralizing antibodies were actually useful as a therapeutic agent. In addition, the 
antibodies were demonstrated to produce the effect of suppressing symptoms in collagen arthritis, 

35 a model for rheumatism, and in collagenase arthritis, a model for osteoarthritis. These results 
suggest that the NR 10-neutralizing antibody of the present invention can be used to prevent or 
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treat chronic inflammation. The present inventors also succeeded in obtaining human NR 1 0 
neutralizing antibodies. Specifically, the present invention provides: 

[I] an agent for preventing or treating an inflammatory disease, wherein the agent comprises an 
NR 10 antagonist as an active ingredient; 

5 [2] the preventive or therapeutic agent of [1], wherein the NR 10 antagonist is an antibody 
having an NR 1 0 neutralizing activity; 

[3] the preventive or therapeutic agent of [2], wherein the antibody is a monoclonal antibody; 
[4] the preventive or therapeutic agent of [2], wherein the antibody is a monoclonal antibody 
having a human NR 1 0 neutralizing activity; 
10 [5] the preventive or therapeutic agent of any one of [2] to [4], wherein the antibody is a 
recombinant antibody; 

[6] the preventive or therapeutic agent of [5], wherein the recombinant antibody is a chimeric 
antibody, humanized antibody, or human antibody; 

[7] the preventive or therapeutic agent of any one of [2] to [6], wherein the agent comprises as an 
15 active ingredient a fragment and/or a modified fragment of the antibody with NR 10 neutralizing 
activity; 

[8] the preventive or therapeutic agent of any one of [1] to [7], wherein the inflammatory disease 
is atopic dermatitis; 

[9] the preventive or therapeutic agent of any one of [1] to [7], wherein the inflammatory disease 
20 is chronic dermatitis; 

[10] the preventive or therapeutic agent of any one of [1] to [7], wherein the inflammatory 
disease is rheumatism; 

[II] the preventive or therapeutic agent of any one of [1] to [7], wherein the inflammatory 
disease is osteoarthritis; 

25 [12] an antibody having an NR 10 neutralizing activity; 

[13] the antibody of [12], which is a monoclonal antibody; 

[14] the antibody of [12], wherein NR 10 is human NR 10; 

[15] the antibody of any one of [12] to [14], which is a recombinant antibody; 

[16] the antibody of [15], wherein the recombinant antibody is a chimeric antibody, humanized 

30 antibody, or human antibody; 

[17] a fragment and/or a modified fragment of the antibody of any one of [12] to [16] 

[18] a method for preventing or treating an inflammatory disease, which comprises the step of 

administering an NR 1 0 antagonist to a patient with an inflammatory disease; and 

[19] use of an NR 10 antagonist to produce an agent for preventing or treating an inflammatory 

35 disease. 
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Brief Description of the Drawings 

Fig. 1 is a graph showing a result obtained by observing the cell growth- suppressing 
effect of BM095 added to a cell growth assay system using IL-31 -dependent Ba/F3 cells. The 
horizontal axis indicates estimated mIL-3 1 concentrations in the assay system, and the vertical 
5 axis indicates cell counts (OD450 (absorbance at 450 nm)). Amounts of BM095 added (unit: 
ng/ml) are shown in the legend. A cell-growth suppressing effect dependent on the amount of 
BM095 added was observed. 

Fig. 2 is a graph showing a therapeutic effect produced when anti-NR 10 antibodies 
were administered to atopic dermatitis model mice. A significant inflammation-suppressing 
10 effect was seen in the anti-NR 10 antibody administered group as compared with the negative 
control group (vehicle group). 

Fig. 3 is a graph showing a sequential change in body weight after anti-NR 10 
antibodies were administered to atopic dermatitis model mice. Weight loss was observed in the 
group administered with an existing anti-inflammatory agent. In contrast, no weight change 
15 was detected in the anti-NR 10 antibody-administered group. Thus, the anti-NR 10 antibody 
was proven to be safe. 

Fig. 4 is a graph showing a therapeutic effect produced when anti-NR 10 antibodies 
were administered to chronic dermatitis model mice. A significant auricle swelling-suppressing 
effect was found in the anti-NR 10 antibody-administered group. 
20 Fig. 5 is a photograph showing immunohistochemical staining of the auricle of a 

chronic dermatitis model mouse. As with the case of humans, the expression of mouse NR 10 
was found to be enhanced in thickened epidermis. 

Fig. 6 is a graph showing an arthritis-suppressing effect produced when anti-NR 10 
antibodies were administered to collagen-induced arthritis model mice. 
25 Fig. 7 is a graph showing the relationship between the area under the curve (AUC) and 

the concentration of BM095 administered to the collagenase-induced arthritis (osteoarthritis) 
model. AUC means the area under the curve of transition of the difference between the right 
and left knee joint widths defined as a value representing swelling in the right knee joint. 

Fig. 8 is a graph showing the correlation between the concentration of human NR 10 
30 neutralizing antibodies (purified antibody) and cell growth-suppressing activity in the presence 
of IL-31. Antibodies 1, 2, and 3 exhibited strong NR 1 0-neutralizing activity. 

Fig. 9 is a graph showing the correlation between the concentration of chimeric 
antibody NA633 against human NR 10 and cell growth-suppressing activity in the presence of 
IL-31. NA633 exhibited strong NR 1 0-neutralizing activity. 
35 Fig. 10 is a diagram comparing the amino acid sequences of human NR 10 and NR 10 

of a cynomolgus monkey. The double-underlined sequence indicates the transmembrane 
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region. 

Fig. 1 1 is a graph showing the cell growth-suppressing activity of the chimeric antibody 
NA633 in human-IL-31 stimulated cynomolgus monkey NR 10/human OSMR/BaF cell line. 
NA633 also showed cynomolgus monkey NR 1 0-neutralizing activity. 
5 Fig. 12 is a graph showing the transition of percent body weight change in DSS colitis 

model mice. 

Fig. 13 is a graph showing the transition of change in the thickness of the auricle in the 
acute contact dermatitis model using picryl chloride. 

10 Best Mode for Carrying Out the Invention 

The present invention relates to agents for preventing or treating inflammatory diseases, 
which comprise NR 10 antagonists as active ingredients. The present invention is based on the 
present inventors' finding that NR 10 antagonists (for example, anti-NR 10 neutralizing 
antibodies) significantly suppress symptoms in model mice with atopic dermatitis, chronic 

15 dermatitis, rheumatism, osteoarthritis or such. 

NR 10 is a protein that forms a heterodimer with oncostatin M receptor (OSMR), and 
functions as an IL-31 receptor. NR 10 is also known by other names, such as glm-r (J Biol 
Chem 277, 16831-6, 2002), GPL (J Biol Chem 278, 49850-9, 2003), and IL-31RA (Nat Immunol 
5, 752-60, 2004). The NR 10 of the present invention includes proteins called by such names. 

20 The NR 10 of the present invention also includes NR 10 derived from humans, mice, and other 
mammals. Preferred NR 10 includes human- and mouse-derived NR 10, but is not limited 
thereto. There are multiple known splicing variants of human-derived NR 10 (WO 00/075314). 
Of the above-described splicing variants, NR 10.1 consists of 662 amino acids and comprises a 
transmembrane domain. NR 10.2 is a soluble receptor-like protein consisting of 252 amino 

25 acids without the transmembrane domain. Meanwhile, known NR 10 splicing variants that 

function as transmembrane receptor proteins include NR 10.3 and IL-3 1RAv3. The human NR 
1 0 of the present invention is not particularly limited, as long as it forms a heterodimer with 
oncostatin M receptor (OSMR) and functions as an IL-31 receptor. Preferred NR 10 includes 
NR 10.3 (also referred to as ILRAv4 (Nat Immunol 5, 752-60, 2004)) and IL-3 1RAv3. NR 

30 10.3 (IL-31RAv4) consists of 662 amino acids (WO 00/075314; Nat Immunol 5, 752-60, 2004) 
and IL-3 1RAv3 consists of 732 amino acids (GenBank Accession No: NM_139017). The 
amino acid sequence of IL-31 RAv4 is shown in SEQ ID NO: 6, and the amino acid sequence of 
IL-31RAv3 is shown in SEQ ID NO: 7. Meanwhile, mouse-derived NR 10 includes proteins 
comprising the amino acid sequence of SEQ ID NO: 5. 

35 The NR 10 antagonists of the present invention refer to substances that bind to NR 10 

and block NR 1 0-activation-based intracellular signal transduction, thereby causing loss or 
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suppression of physiological activities of cells. Herein, physiological activities include, for 
example, activities of inducing or suppressing the production of physiologically active 
substances (for example, chemokines and inflammatory cytokines), activities of enhancing or 
suppressing the secretion of the substances, growth activity, growth-inducing activity, survival 
5 activity, differentiation activity, differentiation-inducing activity, transcriptional activity, 
membrane transport activity, binding activity, proteolytic activity, 

phosphorylation/dephosphorylation activity, oxidation-reduction activity, transfer activity, 
nucleolytic activity, dehydration activity, cell-death-inducing activity, and apoptosis-inducing 
activity, but are not limited thereto. 

10 The presence of antagonist activity can be determined by methods known to those 

skilled in the art. For example, test compounds are contacted with NR 10 expressed on the 
surface of cells in the presence of a ligand, and it is determined whether or not intracellular 
signal transduction, which is an indicator of NR 10 activation, is generated. Such a 
determination can be made, for example, by the method described in the document "Dillon SR, 

15 et al. 9 Interleukin 3 1, a cytokine produced by activated T cells, induces dermatitis in mice. Nat 
Immunol. 2004 Jul; 5(7):752-60". Compounds that inhibit intracellular signal transduction in 
response to ligand stimulation are thought to serve as NR 10 antagonists. 

The antagonists of the present invention may be natural or artificial compounds. 
Known compounds may be used as the antagonists of the present invention. Novel compounds 

20 determined to have antagonist activity by the methods described above may also be used. 

In an embodiment of the present invention, the NR 10 antagonists include antibodies 
having the activity of neutralizing NR 10. The "antibodies having NR 10-neutralizing activity" 
of the present invention refer to antibodies having the activity of suppressing NR 10-based 
physiological activities. The "antibodies having NR 10-neutralizing activity" of the present 

25 invention may be polyclonal or monoclonal antibodies, and as a preferred embodiment, includes 
monoclonal antibodies. 

Such monoclonal antibodies having NR 1 0-neutralizing activity, can be obtained, for 
example, by the following procedure: anti-NR 10 monoclonal antibodies are prepared by using 
as an antigen NR 10 or a fragment thereof that is derived from a mammal, such as human or 

30 mouse, by known methods, and then antibodies having NR 10-neutralizing activity are selected 
from the thus obtained anti-NR 10 monoclonal antibodies. Specifically, immunization is 
achieved by conventional immunization methods using as a sensitizing antigen a desired antigen 
or cells expressing the desired antigen. Anti-NR 10 monoclonal antibodies can be prepared by 
fusing the obtained immune cells with known parental cells using conventional cell fusion 

35 methods, and screening them for monoclonal antibody-producing cells (hybridomas) by 

conventional screening methods. Animals to be immunized include, for example, mammals, 
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such as mice, rats, rabbits, sheep, monkeys, goats, donkeys, cows, horses, and pigs. The 
antigen can be prepared using the known NR 1 0 gene sequence according to known methods, for 
example, by methods using baculovirus (for example, WO 98/46777). As described in 
Examples herein below, antibodies having NR 10-neutralizing activity may be selected, for 
5 example, by testing the effect of suppressing the growth of an IL-3 1 -dependent cell line after the 
candidate antibody is added to cells of the IL-3 1 -dependent cell line. Antibodies that suppress 
the growth of IL-3 1 -dependent cell line in the method described above are considered to have 
NR 10-neutralizing activity. 

Hybridomas can be prepared, for example, according to the method of Milstein et al. 

10 (Kohler, G. and Milstein, C, Methods Enzymol. (1981) 73: 3-46) or such. When the 

immunogenicity of an antigen is low, immunization may be performed after linking the antigen 
with a macromolecule having immunogenicity, such as albumin. 

In a preferred embodiment of the present invention, antibodies having NR 
10-neutralizing activity include monoclonal antibodies having the activity of neutralizing human 

15 NR 10. There is no particular limitation on the immunogen for preparing monoclonal 

antibodies having the activity of neutralizing human NR 10, as long as it allows preparation of 
antibodies having the activity of neutralizing human NR 10. For example, multiple variants of 
human NR 10 are known to exist. Any of the variants may be used as immunogens, as long as 
it allows preparation of antibodies having human NR 10 neutralizing activity. Alternatively, a 

20 peptide fragment of NR 10 or a natural NR 10 sequence introduced with artificial mutations may 
be used as the immunogen under the same conditions. Human NR 10.3 is a preferred 
immunogen to prepare antibodies of the present invention that have NR 10-neutralizing activity. 

Herein, the above-described antibodies of the present invention are not particularly 
limited, as long as they have NR 10-neutralizing activity. The antibodies also include 

25 recombinant antibodies such as chimeric antibodies, humanized antibodies, and human 

antibodies. The chimeric antibodies comprise, for example, the heavy and light chain constant 
regions of a human antibody, and the heavy and light chain variable regions of a non-human 
mammal, such as mouse. The chimeric antibodies can be produced by known methods. For 
example, the antibodies can be produced by cloning an antibody gene from hybridomas, 

30 inserting it into an appropriate vector, and introducing the construct into hosts (see, for example, 
Carl, A. K. Borrebaeck, James, W. Larrick, THERAPEUTIC MONOCLONAL ANTIBODIES, 
Published in the United Kingdom by MACMILLAN PUBLISHERS LTD, 1990). Specifically, 
cDNAs of the antibody variable regions (V regions) are synthesized from mRNA of hybridomas 
using reverse transcriptase. Once DNAs encoding the V regions of an antibody of interest are 

35 obtained, these are linked with DNAs encoding the constant regions (C regions) of a desired 

human antibody. The resulting constructs are inserted into expression vectors. Alternatively, 
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the DNAs encoding the antibody V regions may be inserted into expression vectors comprising 
DNAs encoding the C regions of a human antibody. The DNAs are inserted into expression 
vectors so that they are expressed under the regulation of the expression regulatory regions, for 
example, enhancers and promoters. In the next step, host cells can be transformed with the 
5 expression vectors to allow expression of chimeric antibodies. 

A humanized antibody, which is also called a reshaped human antibody, is obtained by 
transferring a complementarity determining region (CDR) of an antibody of a nonhuman 
mammal such as a mouse, with the CDR of a human antibody. Conventional genetic 
recombination techniques for the preparation of such antibodies are also known. Specifically, a 

10 DNA sequence designed to ligate a CDR of a mouse antibody with the framework regions (FRs) 
of a human antibody is synthesized by PCR, using several oligonucleotides constructed to 
comprise overlapping portions at their ends. A humanized antibody can be obtained by (1) 
ligating the resulting DNA to a DNA that encodes a human antibody constant region; (2) 
incorporating this into an expression vector; and (3) transfecting the vector into a host to produce 

15 the antibody (see European Patent Application No. EP 239,400 and International Patent 

Application Publication No. WO 96/02576). Human antibody FRs that are ligated via the CDR 
are selected where the CDR forms a favorable antigen-binding site. As necessary, amino acids 
in the framework region of an antibody variable region may be substituted such that the CDR of 
a reshaped human antibody forms an appropriate antigen-binding site (Sato, K. et al. 9 Cancer Res. 

20 (1993) 53,851-856). 

Methods for obtaining human antibodies are also known. For example, desired human 
antibodies with antigen-binding activity can be obtained by (1) sensitizing human lymphocytes 
with antigens of interest or cells expressing antigens of interest in vitro; and (2) fusing the 
sensitized lymphocytes with human myeloma cells such as U266 (see Japanese Patent 

25 Application Kokoku Publication No. (JP-B) HO 1-59878 (examined, approved Japanese patent 
application published for opposition)). Alternatively, the desired human antibody can also be 
obtained by using a desired antigen to immunize a transgenic animal that comprises an entire 
repertoire of human antibody genes (see International Patent Application Publication Nos. WO 
93/12227, WO 92/03918, WO 94/02602, WO 94/25585, WO 96/34096, and WO 96/33735). 

30 Furthermore, techniques to obtain human antibodies by panning with a human antibody 

phage library are known. For example, the variable region of a human antibody is expressed as 
a single chain antibody (scFv) on the surface of a phage, using a phage display method, and 
phages that bind to the antigen can be selected. By analyzing the genes of selected phages, the 
DNA sequences encoding the variable regions of human antibodies that bind to the antigen can 

35 be determined. If the DNA sequences of scFvs that bind to the antigen are identified, 

appropriate expression vectors comprising these sequences can be constructed to obtain human 
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antibodies. Such methods are well known (see WO 92/01047, WO 92/20791, WO 93/06213, 
WO 93/11236, WO 93/19172, WO 95/01438, and WO 95/15388). 

The amino acid sequence of the heavy chain variable region or light chain variable 
region may be an amino acid sequence with a substitution, deletion, addition, and/or insertion of 
5 one or more amino acids in the amino acid sequence of the heavy chain variable region or light 
chain variable region of an antibody that has been confirmed to have NR 1 0-neutralizing activity, 
as long as NR 1 0-neutralizing activity is retained. Methods well known to those skilled in the 
art to prepare the amino acid sequence of the heavy chain variable region or light chain variable 
region of the antibody having NR 1 0-neutralizing activity, which comprises a substitution, 

10 deletion, addition, and/or insertion of one or more amino acids in the amino acid sequence of the 
heavy chain variable region or light chain variable region, include known methods for 
introducing mutations into proteins. For example, those skilled in the art can prepare mutants 
functionally equivalent to the heavy chain variable region or light chain variable region of the 
antibody having NR 1 0-neutralizing activity by introducing appropriate mutations into the amino 

15 acid sequence of the heavy chain variable region or light chain variable region of the antibody 
having NR 1 0-neutralizing activity using site-directed mutagenesis (Hashimoto-Gotoh, T, 
Mizuno, T, Ogasahara, Y, andNakagawa, M. (1995) An oligodeoxyribonucleotide-directed dual 
amber method for site-directed mutagenesis. Gene 152, 271 -275 » Zoller, MJ, and Smith, 
M.(1983) Oligonucleotide-directed mutagenesis of DNA fragments cloned into M13 vectors. 

20 Methods Enzymol. 100, 468-500, Kramer, W, Drutsa, V, Jansen, HW, Kramer, B, Pflugfelder, M, 
and Fritz, HJ (1984) The gapped duplex DNA approach to oligonucleotide-directed mutation 
construction. Nucleic Acids Res. 12, 9441-9456^ Kramer W, and Fritz HJ (1987) 
Oligonucleotide-directed construction of mutations via gapped duplex DNA Methods. Enzymol. 
154, 350-367, Kunkel, TA (1985) Rapid and efficient site-specific mutagenesis without 

25 phenotypic selection. Proc Natl Acad Sci USA. 82, 488-492) or the like. Thus, heavy chain 
variable regions or light chain variable regions that comprise mutations at one or more amino 
acids in the heavy chain variable region or light chain variable region of the antibody having NR 
1 0-neutralizing activity are also included in the heavy chain variable region or light chain 
variable region of the present invention. 

30 When an amino acid residue is altered, the amino acid is preferably mutated for a 

different amino acid(s) that conserves the properties of the amino acid side-chain. Examples of 
amino acid side chain properties are: hydrophobic amino acids (A, I, L, M, F, P, W, Y, and V), 
hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and T), amino acids comprising aliphatic 
side chains (G, A, V, L, I, and P), amino acids comprising hydroxyl group-containing side chains 

35 (S, T, and Y), amino acids comprising sulfur-containing side chains (C and M), amino acids 
comprising carboxylic acid- and amide-containing side chains (D, N, E, and Q), amino acids 
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comprising basic side chains (R, K, and H), and amino acids comprising aromatic side chains (H, 
F, Y, and W) (amino acids are represented by one-letter codes in parentheses). Amino acid 
substitutions within each group are called conservative substitutions. It is already known that a 
polypeptide comprising a modified amino acid sequence in which one or more amino acid 
5 residues in a given amino acid sequence are deleted, added, and/or substituted with other amino 
acids can retain the original biological activity (Mark, D. F. et al. 9 Proc. Natl. Acad. Sci. USA; 
(1984) 81:5662-6; Zoller, M. J. and Smith, M., Nucleic Acids Res. (1982) 10:6487-500; Wang, A. 
et a/., Science (1984) 224:1431-3; Dalbadie-McFarland, G. et al, Proc. Natl. Acad. Sci. USA 
(1982) 79:6409-13). Such mutants comprise an amino acid sequence which is at least 70% 

10 identical to the amino acid sequence of a heavy chain variable region or light chain variable 

region of the present invention, more preferably at least 75%, even more preferably at least 80%, 
still more preferably at least 85%, yet more preferably at least 90%, and most preferably at least 
95% identical. Herein, sequence identity is defined as the percentage of residues identical to 
those in the original amino acid sequence of the heavy chain variable region or light chain 

1 5 variable region, determined after the sequences are aligned and gaps are appropriately introduced 
to maximize the sequence identity as necessary. The identity of amino acid sequences can be 
determined by the method described above. 

Alternatively, an amino acid sequence of the heavy chain variable region or light chain 
variable region that comprises a substitution, deletion, addition, and/or insertion of one or more 

20 amino acids in the amino acid sequence of the heavy chain variable region or light chain variable 
region and retains NR 10-neutralizing activity can be obtained from nucleic acid that hybridizes 
under stringent conditions to nucleic acid comprising the nucleotide sequence encoding the 
amino acid sequence of the heavy chain variable region or light chain variable region. Stringent 
hybridization conditions to isolate a nucleic acid that hybridizes under stringent conditions to a 

25 nucleic acid that comprises the nucleotide sequence encoding the amino acid sequence of the 

heavy chain variable region or light chain variable region include, for example, the conditions of 
6M urea, 0.4% SDS, 0.5x SSC, and 37°C, or hybridization conditions with stringencies 
equivalent thereto. With more stringent conditions, for example, the conditions of 6M urea, 
0.4% SDS, O.lx SSC, and 42°C, isolation of nucleic acids with a much higher homology can be 

30 expected. The sequences of the isolated nucleic acids can be determined by the known methods 
described below. The overall nucleotide sequence homology of the isolated nucleic acid is at 
least 50% or higher sequence identity, preferably 70% or higher, more preferably 90% or higher 
(for example, 95%, 96%, 97%, 98%, 99%, or higher). 

A nucleic acid that hybridizes under stringent conditions to a nucleic acid comprising 

35 the nucleotide sequence encoding the amino acid sequence of the heavy chain variable region or 
light chain variable region can also be isolated using, instead of the above-described methods 
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using hybridization techniques, gene amplification methods using primers synthesized based on 
the information of nucleotide sequence encoding the amino acid sequence of the heavy chain 
variable region or light chain variable region, for example, polymerase chain reaction (PCR). 

Specifically, the identity of one nucleotide sequence or amino acid sequence to another 
5 can be determined using the algorithm BLAST, by Karlin and Altschul (Proc. Natl. Acad. Sci. 
USA (1993) 90, 5873-7). Programs such as BLASTN and BLASTX were developed based on 
this algorithm (Altschul et aL, J. Mol. Biol. (1990) 215, 403-10). To analyze nucleotide 
sequences according to BLASTN based on BLAST, the parameters are set, for example, as 
score= 100 and wordlength= 12. On the other hand, parameters used for the analysis of amino 

10 acid sequences by BLASTX based on BLAST include, for example, score= 50 and wordlength= 
3. Default parameters for each program are used when using the BLAST and Gapped BLAST 
programs. Specific techniques for such analyses are known in the art (see the website of the 
National Center for Biotechnology Information (NCBI), Basic Local Alignment Search Tool 
(BLAST); http://www.ncbi.nlm.nih.gov). 

15 Alternatively, the antibodies of the present invention may be minibodies. Such 

minibodies of the present invention include antibody fragments lacking some portions of a whole 
antibody (for example, whole IgG), and are not particularly limited as long as they retain NR 
10 -neutralizing activity. The minibodies of the present invention are not particularly limited, as 
long as they are portions of whole antibodies. The minibodies preferably comprise a heavy 

20 chain variable region (VH) or light chain variable region (VL). Particularly preferred 
minibodies comprise both VH and VL. 

The minibodies of the present invention preferably have a smaller molecular weight 
than whole antibodies. However, the minibodies may form multimers, for example, dimers, 
trimers, or tetramers, and thus their molecular weights can be greater than those of whole 

25 antibodies. 

The minibodies of the present invention include, for example, scFv antibodies. ScFv 
antibodies are single-chain polypeptides constructed by linking a heavy chain variable region 
([VH]) and a light chain variable region ([VL]) via a linker or such (Huston, J. S. et al, Proc. 
Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883; Plickthun "The Pharmacology of Monoclonal 

30 Antibodies" Vol. 113, eds., Resenburg and Moore, Springer Verlag, New York, pp. 269-315, 
(1994)). The order of the heavy chain variable region and light chain variable region to be 
linked together is not particularly limited, and they may be arranged in any order. Examples of 
the arrangements are listed below. 
[VH] linker [VL] 

35 [VL] linker [VH] 

The amino acid sequence of the heavy chain variable region or light chain variable 
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region may comprise a substitution, deletion, addition, and/or insertion. Furthermore, the heavy 
chain variable region and light chain variable region may also lack some portions or be added 
with other polypeptides, as long as they have antigen binding ability when linked together. 
Alternatively, the variable regions may be chimerized or humanized. 
5 In the present invention, linkers which bind the variable region of the antibody comprise 

arbitrary peptide linkers that can be introduced using genetic engineering, or synthetic linkers 
(for example, linkers disclosed in "Protein Engineering, 9(3), 299-305, 1996"). 

The preferred linkers in the present invention are peptide linkers. The lengths of the 
peptide linkers are not particularly limited and those skilled in the art can appropriately select the 
10 lengths depending on the purpose. Typical lengths are one to 100 amino acids, preferably 3 to 
50 amino acids, more preferably 5 to 30 amino acids, and particularly preferably 12 to 18 amino 
acids (for example, 15 amino acids). 

Amino acid sequences of such peptide linkers include, for example: 

Ser 

15 Gly • Ser 

GlyGlySer 
Ser- Gly Gly 

Gly Gly Gly Ser (SEQ ID NO : 8) 
Ser - Gly Gly Gly (SEQ ID NO: 9) 
20 Gly Gly Gly Gly Ser (SEQ ID NO: 10) 
Ser • Gly • Gly • Gly • Gly (SEQ ID NO : 1 1 ) 
Gly • Gly Gly Gly • Gly • Ser (SEQ ID NO : 1 2) 
Ser • Gly • Gly • Gly Gly Gly (SEQ ID NO : 1 3) 
Gly • Gly • Gly • Gly • Gly • Gly • Ser (SEQ ID NO: 14) 
25 Ser • Gly • Gly • Gly • Gly Gly Gly (SEQ ID NO : 1 5) 
(Gly • Gly • Gly • Gly • Ser (SEQ ID NO : 1 0))n 
(Ser • Gly • Gly ■ Gly ■ Gly (SEQ ID NO: 1 1 ))n 
where n is an integer of 1 or larger. 

Synthetic linkers (chemical crosslinking agents) include crosslinking agents that are 
30 routinely used to crosslink peptides, for example, N-hydroxy succinimide (NHS), disuccinimidyl 
suberate (DSS), bis(succinimidyl) suberate (BS ), dithiobis(succinimidyl propionate) (DSP), 
dithiobis(succinimidyl propionate) (DTSSP), ethylene glycol bis(succinimidyl succinate) (EGS), 
ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS), disuccinimidyl tartrate (DST), 
disulfosuccinimidyl tartrate (sulfo-DST), bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone 
35 (BSOCOES), and bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES). These 
crosslinking agents are commercially available. 
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Antibodies of the present invention include antibodies in which two or more amino acid 
residues have been added to the amino acid sequence of an antibody of the present invention. 
Further, fusion proteins which result from a fusion between one of the above antibodies and a 
second peptide or protein is included in the present invention. The fusion proteins can be 
5 prepared by ligating a polynucleotide encoding an antibody of the present invention and a 
polynucleotide encoding a second peptide or polypeptide in frame, inserting this into an 
expression vector, and expressing the fusion construct in a host. Some techniques known to 
those skilled in the art are available for this purpose. The partner peptide or polypeptide to be 
fused with an antibody of the present invention may be a known peptide, for example, FLAG 

10 (Hopp, T. P. et ai, BioTechnology 6, 1204-1210 (1988)), 6x His consisting of six His (histidine) 
residues, lOx His, influenza hemagglutinin (HA), human c-myc fragment, VSV-GP fragment, 
p 1 8HIV fragment, T7-tag, HS V-tag, E-tag, S V40 T antigen fragment, lck tag, a-tubulin fragment, 
B-tag, Protein C fragment. Other partner polypeptides to be fused with the antibodies of the 
present invention include, for example, GST (glutathione-S-transferase), HA (influenza 

15 hemagglutinin), immunoglobulin constant region, P-galactosidase, and MBP (maltose-binding 
protein). A polynucleotide encoding one of these commercially available peptides or 
polypeptides can be fused with a polynucleotide encoding an antibody of the present invention. 
The fusion polypeptide can be prepared by expressing the fusion construct. 

The antibodies of the present invention may differ in amino acid sequence, molecular 

20 weight, isoelectric point, presence/absence of sugar chains, and conformation depending on the 
cell or host producing the antibody, or purification method. However, a resulting antibody is 
included in the present invention, as long as it is functionally equivalent to an antibody of the 
present invention. For example, when an antibody of the present invention is expressed in 
prokaryotic cells, for example E. coli, a methionine residue is added to the N terminus of the 

25 original antibody amino acid sequence. Such antibodies are included in the present invention. 

The antibody of the present invention can be prepared by methods known to those 
skilled in the art. The antibody can be prepared, for example, by genetic recombination 
techniques known to those skilled in the art based on the sequence of an antibody that recognizes 
NR 10. Specifically, such antibody can be prepared by constructing a polynucleotide encoding 

30 an antibody based on the sequence of an antibody that recognizes NR 10, inserting the construct 
into an expression vector, and then expressing it in appropriate host cells (see for example, Co, 
M. S. et a/., J. Immunol. (1994) 152, 2968-2976; Better, M. and Horwitz, A. H., Methods 
Enzymol. (1989) 178, 476-496; Pluckthun, A. and Skerra, A., Methods Enzymol. (1989) 178, 
497-515; Lamoyi, E., Methods Enzymol. (1986) 121, 652-663; Rousseaux, J. et al. 9 Methods 

35 Enzymol. (1986) 121, 663-669; Bird, R. E. and Walker, B. W., Trends Biotechnol. (1991) 9, 
132-137). 
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The vectors include Ml 3 vectors, pUC vectors, pBR322, pBluescript, and pCR-Script. 
Alternatively, when aiming to subclone and excise cDNA, the vectors include, for example, 
pGEM-T, pDIRECT, and pT7, in addition to the vectors described above. Expression vectors 
are particularly useful when using vectors for producing the antibodies of the present invention. 
5 For example, when aiming for expression in E. coli such as JM109, DH5a, HB101, and 

XL 1 -Blue, the expression vectors not only have the above-described characteristics that allow 
vector amplification in E. coli, but must also carry a promoter that allows efficient expression in 
E. coli, for example, lacZ promoter (Ward et al, Nature (1989) 341, 544-546; FASEB J. (1992) 6, 
2422-2427), araB promoter (Better et al, Science (1988) 240, 1041-1043), T7 promoter or such. 

10 Such vectors include pGEX-5X-l (Pharmacia), "QIAexpress system" (Quiagen), pEGFP, or pET 
(in this case, the host is preferably BL21 that expresses T7 RN A polymerase) in addition to the 
vectors described above. 

The vectors may comprise signal sequences for antibody secretion. As a signal 
sequence for antibody secretion, a pelB signal sequence (Lei, S. P. et al J. Bacteriol. (1987) 169, 

15 4379) may be used when a protein is secreted into the E. coli periplasm. The vector can be 
introduced into host cells by calcium chloride or electroporation methods, for example. 

In addition to vectors for E. coli, the vectors for producing the antibodies of the present 
invention include mammalian expression vectors (for example, pcDNA3 (Invitrogen), pEF-BOS 
(Nucleic Acids. Res. 1990, 18(17), p5322), pEF, and pCDM8), insect cell-derived expression 

20 vectors (for example, the "Bac-to-BAC baculovirus expression system" (Gibco-BRL) and 
pBacPAK8), plant-derived expression vectors (for example, pMHl and pMH2), animal 
virus-derived expression vectors (for example, pHSV, pMV, and pAdexLcw), retroviral 
expression vectors (for example, pZIPneo), yeast expression vectors (for example, "Pichia 
Expression Kit" (Invitrogen), pNVll, and SP-Q01), and Bacillus subtilis expression vectors (for 

25 example, pPL608 and pKTH50), for example. 

When aiming for expression in animal cells such as CHO, COS, and NIH3T3 cells, the 
vectors must have a promoter essential for expression in cells, for example, SV40 promoter 
(Mulligan et al., Nature (1979) 277, 108), MMLV-LTR promoter, EFla promoter (Mizushima et 
al., Nucleic Acids Res. (1990) 18, 5322), and CMV promoter, and more preferably they have a 

30 gene for selecting transformed cells (for example, a drug resistance gene that allows evaluation 
using an agent (neomycin, G418, or such). Vectors with such characteristics include pMAM, 
pDR2, pBK-RSV, pBK-CMV, pOPRSV, and pOP13, for example. 

In addition, the following method can be used for stable gene expression and gene 
amplification in cells: CHO cells deficient in a nucleic acid synthesis pathway are introduced 

35 with a vector (for example, pSV2-dhfr (Molecular Cloning 2 nd edition, Cold Spring Harbor 

Laboratory Press, 1989)) that carries a DHFR gene which compensates for the deficiency, and 
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the vector is amplified using methotrexate (MTX). Alternatively, the following method can be 
used for transient gene expression: COS cells with a gene expressing SV40 T antigen on their 
chromosome are transformed with a vector (pcD and such) with an SV40 replication origin. 
Replication origins derived from polyoma virus, adenovirus, bovine papilloma virus (BPV), and 
5 such can also be used. To amplify gene copy number in host cells, the expression vectors may 
further carry selection markers such as aminoglycoside transferase (APH) gene, thymidine 
kinase (TK) gene, E. coli xanthine-guanine phosphoribosyltransferase (Ecogpt) gene, and 
dihydrofolate reductase (dhfr) gene. 

Desired antibodies obtained by the methods described above can be isolated from inside 

10 host cells or from outside the cells (the medium, or such), and purified to homogeneity. The 
antibodies can be isolated and purified by methods routinely used for isolating and purifying 
antibodies, and the type of method is not limited. For example, the antibodies can be isolated 
and purified by appropriately selecting and combining column chromatography, filtration, 
ultrafiltration, salting out, solvent precipitation, solvent extraction, distillation, 

15 immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectro focusing, dialysis, 
recrystallization, and such. 

The chromatographies include, for example, affinity chromatography, ion exchange 
chromatography, hydrophobic chromatography, gel filtration, reverse phase chromatography, and 
adsorption chromatography (Strategies for Protein Purification and Characterization: A 

20 Laboratory Course Manual. Ed Daniel R. Marshak et al. 9 Cold Spring Harbor Laboratory Press, 
1996). The chromatographic methods described above can be conducted using liquid 
chromatography, for example, HPLC and FPLC. Columns that can be used for affinity 
chromatography include protein A columns and protein G columns. Columns using protein A 
include, for example, Hyper D, POROS, and Sepharose FF (GE Amersham Biosciences). The 

25 present invention comprises antibodies that are highly purified using these purification methods. 

The present invention also provides agents for preventing or treating inflammatory 
diseases, which comprise as active ingredients fragments and/or modification products of an 
antibody of the present invention. The fragments and/or modification products of antibodies of 
the present invention include antibody fragments lacking some portions of the antibodies of the 

30 present invention (whole antibodies (for example, whole IgG), recombinant antibodies (for 
example, chimeric antibodies, humanized antibodies, and human antibodies), and minibodies 
(for example, scFv antibodies)), and are not particularly limited as long as they retain the ability 
to bind to their antigens. The antibody fragments of the present invention are not particularly 
limited, as long as they are portions of whole antibodies. The fragments preferably comprise a 

35 heavy chain variable region (VH) and/or a light chain variable region (VL). The amino acid 
sequence of the VH or VL may comprise substitutions, deletions, additions, and/or insertions. 
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The VH and/or VL may lack some portions, as long as the ability to bind to the antigen is 
retained. Furthermore, the variable region may be chimerized or humanized. Specifically, 
antibody fragments include, for example, Fab, Fab', F(ab')2, and Fv. Such antibody fragments 
can be obtained by constructing genes encoding the antibody fragments, introducing them into 
5 expression vectors, and then expressing them in appropriate host cells (see for example, Co, M. S. 
etal, J. Immunol. (1994) 152, 2968-2976; Better, M. and Horwitz, A. H., Methods Enzymol. 
(1989) 178, 476-496; Pluckthun, A. and Skerra, A., Methods Enzymol. (1989) 178, 497-515; 
Lamoyi, E., Methods Enzymol. (1986) 121, 652-663; Rousseaux, J. et aL, Methods Enzymol. 
(1986) 121, 663-669; Bird, R. E. and Walker, B. W., Trends Biotechnol. (1991) 9, 132-137). 

10 Furthermore, the antibodies of the present invention may be conjugated antibodies 

which are linked to any of various molecules, such as polyethylene glycol (PEG), radioactive 
substances, fluorescent substances, luminescent substances, enzymes, and toxins. Such 
conjugated antibodies can be obtained by chemically modifying the obtained antibodies. 
Methods for modifying antibodies have been established in this field (for example, US 5057313 

15 and US 5 156840). The "antibodies" of the present invention also include such conjugated 
antibodies. 

The antibody's activity of binding to NR 10 can be determined by methods known to 
those skilled in the art. Methods for determining the antigen-binding activity of an antibody 
include, for example, ELISA (enzyme-linked immunosorbent assay), EIA (enzyme 

20 immunoassay), RIA (radioimmunoassay), and fluorescent antibody method. For example, 
when enzyme immunoassay is used, antibody-containing samples, such as purified antibodies 
and culture supernatants of antibody-producing cells, are added to antigen-coated plates. A 
secondary antibody labeled with an enzyme, such as alkaline phosphatase, is added and the 
plates are incubated. After washing, an enzyme substrate, such as p-nitrophenyl phosphate, is 

25 added, and the absorbance is measured to evaluate the antigen-binding activity. 

Furthermore, the NR 1 0-neutralizing activity of an antibody can be determined, for 
example, by the method described in Examples, which involves testing the effect of suppressing 
the growth of the IL-3 1 -dependent cell line. 

The NR 10 antagonists or antibodies having NR 1 0-neutralizing activity of the present 

30 invention can be used in the agents for preventing or treating inflammatory diseases. The 

present inventors proved that administration of mouse NR 10 neutralizing antibodies produced 
marked therapeutic effects in model animals for various inflammatory diseases. Furthermore, 
the expression of human NR 10 has been reported to be enhanced in thickened epidermis of 
atopic dermatitis patients (Non-patent Document 1). The present inventors confirmed by 

35 immunohistochemical staining that, as with the case of humans, the expression of mouse NR 10 
was enhanced in thickened epidermis of auricles in the above-described chronic dermatitis model 
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mice (Example 5). These findings suggest that NR 10 is similarly involved in inflammatory 
diseases in all animal species, and that, like mouse NR 10 neutralizing antibodies, antibodies 
neutralizing human NR 10 are effective in preventing and treating various inflammatory diseases. 
Furthermore, as with the findings described in this Example, NR 10 antagonists other than 
5 antibodies are also expected to have therapeutic effects on various inflammatory diseases. 

In the present invention, inflammatory disease refers to diseases with pathological 
features involved in cytological and histological reactions that occur in affected blood vessels 
and adjacent tissues in response to an injury or abnormal stimulation caused by physical, 
chemical, or biological agents (Stedman's Medical Dictionary, 5th Ed., MEDICAL VIEW CO., 

10 2005). Generally, inflammatory diseases include, dermatitis (atopic dermatitis, chronic 
dermatitis, and such), inflammatory bowel diseases (colitis and such), asthma, arthritis 
(rheumatoid arthritis, osteoarthritis, and such), bronchitis, Th2 autoimmune diseases, systemic 
lupus erythematosus, myasthenia gravis, chronic GVHD, Crohn's disease, spondylitis deformans, 
lumbar pain, gout, inflammation after surgery or injury, swelling, neuralgia, laryngopharyngitis, 

15 cystitis, hepatitis (non-alcoholic steatohepatitis, alcoholic hepatitis, and such), hepatitis B, 
hepatitis C, and arteriosclerosis. 

Preferred examples of inflammatory diseases that are subjects of the present invention 
include atopic dermatitis, chronic dermatitis, rheumatism, osteoarthritis, and chronic asthma. 
The present inventors discovered that NR 10 antagonist antibodies have therapeutic 

20 effects against atopic dermatitis, chronic dermatitis, rheumatism, and osteoarthritis. On the 

other hand, it was revealed that NR 1 0 antagonist antibodies do not produce therapeutic effects in 
acute contact dermatitis and DSS acute colitis models. 

The agents for preventing or treating inflammatory diseases of the present invention 
comprise as an active ingredient an NR 10 antagonist or an antibody having NR 10-neutralizing 

25 activity described above. The phrase "comprises an NR 10 antagonist as an active ingredient" 
means comprising an NR 10 antagonist as at least one of the active ingredients, and does not 
limit the contents. In addition, the agents for preventing or treating inflammatory diseases of 
the present invention may also comprise, in combination with an NR 10 antagonist, other 
ingredients that enhance the prevention or treatment of the inflammatory disease. 

30 The NR 10 antagonist of the present invention can be formulated according to standard 

methods (see, for example, Remington's Pharmaceutical Science, latest edition, Mark Publishing 
Company, Easton, USA). Further, they may comprise pharmaceutically acceptable carriers 
and/or additives if necessary. For example, they may contain surfactants (for example, PEG 
and Tween), excipients, antioxidants (for example, ascorbic acid), coloring agents, flavoring 

35 agents, preservatives, stabilizers, buffering agents (for example, phosphoric acid, citric acid, and 
other organic acids), chelating agents (for example, EDTA), suspending agents, isotonizing 
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agents, binders, disintegrators, lubricants, fluidity promoters, and corrigents. However, the 
carriers that can be comprised in the agents for preventing or treating inflammatory diseases of 
the present invention are not limited to this list. In fact, other commonly used carriers such as 
light anhydrous silicic acid, lactose, crystalline cellulose, mannitol, starch, carmelose calcium, 
5 carmelose sodium, hydroxypropylcellulose, hydroxypropylmethylcellulose, 

polyvinylacetaldiethylaminoacetate, polyvinylpyrrolidone, gelatin, medium chain fatty acid 
triglyceride, polyoxyethylene hydrogenated castor oil 60, sucrose, carboxymethylcellulose, corn 
starch, inorganic salt, and so on, can be appropriately comprised. The compositions may also 
comprise other low-molecular- weight polypeptides, proteins such as serum albumin, gelatin, and 

10 immunoglobulin, and amino acids such as glycine, glutamine, asparagine, arginine, and lysine. 
When the composition is prepared as an aqueous solution for injection, NR 10 antagonists may 
be dissolved in an isotonic solution comprising, for example, physiological saline, dextrose, and 
other adjuvants. The adjuvants may include, for example, D-sorbitol, D-mannose, D-mannitol, 
and sodium chloride. In addition, appropriate solubilizing agents, for example, alcohols (for 

15 example, ethanol), polyalcohols (for example, propylene glycols and PEGs), and non-ionic 
detergents (polysorbate 80 and HCO-50) may be used concomitantly. 

If necessary, NR 10 antagonists may be encapsulated in microcapsules (microcapsules 
made of hydroxycellulose, gelatin, polymethylmethacrylate, and the like), and made into 
components of colloidal drug delivery systems (liposomes, albumin microspheres, 

20 microemulsions, nano-particles, and nano-capsules) (for example, see "Remington's 

Pharmaceutical Science 16th edition" &, Oslo Ed. (1980)). Moreover, methods for making 
sustained-release drugs are known, and these can be applied for NR 10 antagonists (Langer et aL, 
J. Biomed. Mater. Res. (1981) 15, 167-277; Langer, Chem. Tech. (1982) 12, 98-105; US Patent 
No. 3,773,919; European Patent Application (EP) No. 58,481; Sidman et al, Biopolymers (1983) 

25 22, 547-56; EP 133,988). 

The agents for preventing or treating inflammatory diseases of the present invention can 
be administered either orally or parenterally, but are preferably administered parenterally. 
Specifically, the agents are administered to patients by injection or percutaneous administration. 
Injections include, for example, intravenous injections, intramuscular injections, and 

30 subcutaneous injections, for systemic or local administration. The agents may be given to sites 
where inflammation is to be suppressed, or areas surrounding the sites by local infusion, 
intramuscular injection in particular. The administration methods can be properly selected 
according to the patient's age and condition. The single-administration dose can be selected, 
for example, from within the range of 0.0001 to 100 mg of the active ingredient per kg body 

35 weight . Alternatively, when the agents are administered to human patients, the dose of the 
active ingredient can be selected from within the range of 0.001 to 1,000 mg/kg body weight. 
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The single-administration dose preferably comprises, for example, NR 10 antagonist at about 
0.01 to 50 mg/kg body weight. However, the dose of an agent for preventing or treating 
inflammatory diseases of the present invention is not limited to these examples. 

The present invention also provides antibodies having NR 10-neutralizing activity 
5 (including fragments of antibodies having NR 10-neutralizing activity, and/or modification 

products thereof; the same definition is used throughout the description below). The antibodies 
having NR 10-neutralizing activity of the present invention are useful as active ingredients in the 
above-described agents for preventing or treating inflammatory diseases. The antibodies 
having NR 10-neutralizing activity of the present invention may be polyclonal or monoclonal 

10 antibodies, but are preferably monoclonal antibodies. Such monoclonal antibodies having NR 
10-neutralizing activity can be obtained by the methods described above. The monoclonal 
antibodies of the present invention have the activity of neutralizing NR 10 derived from 
mammals or fragments thereof, preferably have the activity of neutralizing NR 1 0 derived from 
humans or mice, or fragments thereof, and more preferably the activity of neutralizing NR 10 

15 derived from humans or fragments thereof. Human NR 10 or a peptide fragment thereof may 
be used as an immunogen to prepare monoclonal antibodies having the activity of neutralizing 
human NR 10. Alternatively, the antibodies having NR 10-neutralizing activity of the present 
invention may be recombinant antibodies. Recombinant antibodies having NR 10-neutralizing 
activity of the present invention include, but are not limited to, chimeric antibodies, humanized 

20 antibodies, human antibodies, and minibodies. 

In the present invention, the antibodies having NR 10-neutralizing activity include, for 
example, anti-mouse NR 10 antibodies that comprise a heavy chain variable region comprising 
the amino acid sequence of SEQ ID NO: 1 and a light chain variable region comprising the 
amino acid sequence of SEQ ID NO: 3. 

25 The present invention also includes monoclonal antibodies having the activity of 

neutralizing human NR 10. The monoclonal antibodies having the activity of neutralizing 
human NR 10 of the present invention can be obtained by preparing monoclonal antibodies using 
human NR 10 or a peptide fragment thereof as an immunogen, and then selecting from the 
anti-human NR 10 monoclonal antibodies, antibodies that have the activity of neutralizing 

30 human NR 10, based on the above-described assay system using the IL-3 1 -dependent cell line. 

In the present invention, the antibodies having the activity of neutralizing human NR 1 0 
include the antibodies described in any one of: 

(a) antibodies having a heavy chain variable region comprising CDR1, CDR2, and CDR3 that 
consist of the amino acid sequences of SEQ ID NOs: 18, 19, and 20, respectively. 
35 (b) antibodies having a light chain variable region comprising CDR1, CDR2, and CDR3 that 
consist of the amino acid sequences of SEQ ID NOs: 21, 22, and 23, respectively; 
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(c) antibodies having the heavy chain variable region of (a) and the light chain variable region of 
(b); and 

(d) antibodies that recognize the same epitope as that recognized by the antibodies of any one of 
(a) to (c). 

5 Whether an antibody recognizes the same epitope as that recognized by another 

antibody can be confirmed by the competition between the two antibodies against the epitope. 
Competition between the antibodies can be evaluated by competitive binding assays using means 
such as ELISA, fluorescence energy transfer method (FRET), and fluorometric microvolume 
assay technology (FMAT(R)). The amount of antibodies bound to an antigen indirectly 

10 correlate with the binding ability of candidate competitor antibodies (test antibodies) that 

competitively bind to the same epitope. In other words, as the amount of or the affinity of test 
antibodies against the same epitope increases, the amount of antibodies bound to the antigen 
decreases, and the amount of test antibodies bound to the antigen increases. Specifically, 
appropriately labeled antibodies and antibodies to be evaluated are simultaneously added to the 

15 antigens, and the thus bound antibodies are detected using the label. The amount of antibodies 
bound to the antigen can be easily determined by labeling the antibodies beforehand. This label 
is not particularly limited, and the labeling method is selected according to the assay technique 
used. The labeling method includes fluorescent labeling, radiolabeling, enzymatic labeling, and 
such. 

20 For example, fluorescently labeled antibodies and unlabeled antibodies or test 

antibodies are simultaneously added to animal cells expressing NR 10, and the labeled antibodies 

are detected by fluorometric microvolume assay technology. 

IC 50 is the concentration in which the amount of labeled antibodies bound to the epitope 

is reduced to 50% by the binding of unlabeled antibodies. Herein, antibodies that recognize the 
25 same epitope are antibodies that can reduce the amount of labeled antibodies bound to the 

epitope to at least 50% when the concentration of test antibodies is ten times higher than the IC50 

of the unlabeled antibodies. 

Antibodies having the activity of neutralizing human NR 1 0 that are used in the present 

invention preferably further have binding activity to cynomolgus monkey NR 10, and more 
30 preferably have the activity of neutralizing cynomolgus monkey NR 10. The cynomolgus 

monkey NR 10 comprising the amino acid sequence of SEQ ID NO: 24 can be used in 

measurements of the activity of neutralizing or binding to cynomolgus monkey NR 10. 

The present invention also provides the therapeutic methods described below. The 

interpretation of NR 10, antagonists, monoclonal antibodies, recombinant antibodies, 
35 inflammatory diseases, and others in the methods are as described above. 

(1) a method for preventing or treating an inflammatory disease, which comprises the step of 



English translation for WO2007/142325 

21 



administering an NR 1 0 antagonist to a patient with an inflammatory disease; 

(2) the method of (1), in which the NR 10 antagonist is an antibody having the activity of 
binding to NR 10; 

(3) the method of (2), in which the antibody is a monoclonal antibody; 

5 (4) the method of (2), in which the antibody is a monoclonal antibody that binds to human NR 
10; 

(5) the method of any one of (2) to (4), in which the antibody is a recombinant antibody; 

(6) the method of (5), in which the recombinant antibody is a chimeric antibody, humanized 
antibody, or human antibody; 

10 (7) the method of any one of (2) to (6), in which a fragment of an antibody having NR 

10 -neutralizing activity and/or a modified product thereof are included as an active ingredient; 

(8) the method of any one of (1) to (7), in which the inflammatory disease is atopic dermatitis; 

(9) the method of any one of (1) to (7), in which the inflammatory disease is chronic dermatitis; 

(10) the method of any one of (1) to (7), in which the inflammatory disease is rheumatism; and 
15 (11) the method of any one of (1) to (7), in which the inflammatory disease is osteoarthritis. 

The present invention also provides the inventions described below. The explanation 
of NR 10, antagonists, monoclonal antibodies, recombinant antibodies, inflammatory diseases, 
and others in the methods are as described above. 

(1) use of an NR 10 antagonist to produce an agent for preventing or treating an inflammatory 
20 disease; 

(2) the use of (1), in which the NR 10 antagonist is an antibody having the activity of binding to 
NR 10; 

(3) the use of (2), in which the antibody is a monoclonal antibody; 

(4) the use of (2), in which the antibody is a monoclonal antibody that binds to human NR 10; 
25 (5) the use of any one of (2) to (4), in which the antibody is a recombinant antibody; 

(6) the use of (5), in which the recombinant antibody is a chimeric antibody, humanized antibody, 
or human antibody; 

(7) the use of any one of (2) to (6), in which a fragment of an antibody having NR 

10 -neutralizing activity and/or a modification product thereof are included as an active 
30 ingredient; 

(8) the use of any one of (1) to (7), in which the inflammatory disease is atopic dermatitis; 

(9) the use of any one of (1) to (7), in which the inflammatory disease is chronic dermatitis; 

(10) the use of any one of (1) to (7), in which the inflammatory disease is rheumatism; and 

(11) the use of any one of (1) to (7), in which the inflammatory disease is osteoarthritis. 
35 All prior- art documents cited herein are incorporated by reference herein. 
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Examples 

Herein below, the present invention will be specifically described with reference to 
Examples, but it is not to be construed as being limited thereto. 

5 [Example 1] Establishment of Ba/F3 cell line that express NR 10 and OSMR 

A human NR 1 0 cDNA (SEQ ID NO: 1 ofWO 0075314) was inserted into the 
expression vector pCOSl (Biochem Biophys Res Commun. 228, p838-45, 1996) to produce 
pCosNR 10.3. An oncostatin M receptor cDNA (OSMR, GenBank accession No. NM003999) 
was isolated from a human placental library by PCR, and then the expression vector 

10 pCosl-hOSMR was similarly constructed. By electroporation, 10 jug each of the vectors were 
simultaneously introduced into cells of the cell line Ba/F3 derived from mouse IL-3 -dependent 
pro-B cells (BioRad Gene Pulser; 960 juF and 0.33 kV). After introduction, human IL-31 was 
added and the cells were cultured. Thus, a cell line that proliferated in an IL-3 1 -dependent 
fashion was obtained. Likewise, a mouse-IL-31 -dependent cell line was also prepared from 

15 Ba/F3 cells that were made to express the mouse NR 10 and OSMR genes. 

In both cell lines, ED50 was found to be several ng/ml. Thus, well-proliferating cell 
lines were obtained. The human-IL-3 1 -dependent cell line exhibited no response to mouse 
IL-31, and the growth was suppressed upon addition of human NR 10 protein (extracellular 
domain). The mouse-IL-3 1 -dependent cell line exhibited no response to human IL-3 1 , and the 

20 growth was not suppressed by the added mouse NR 10 protein (extracellular domain). 



[Example 2] Preparation of NR 10 protein (extracellular domain) 

The extracellular domain alone was amplified by PCR using NR 10 cDNA as a template, 
a FLAG tag sequence was attached to the C terminus, and was inserted into the expression vector 

25 pCXND3 (WO 2005/005636) (pCXND3-NR 10-flag). 10 jug of this linear vector was 

introduced into cells of Chinese hamster ovary cell line DG44 by electroporation (BioRad Gene 
Pulserll; 25 juF and 1 .5 kV). A high expression cell line was obtained. A purified sample was 
prepared from a supernatant of large-scale culture of the cell line by anti-FLAG antibody column 
(SIGMA) and gel filtration, and used in the experiments described below. Mouse NR 10 

30 (extracellular domain) with FLAG tag sequence attached to the C terminus was similarly 
prepared. 

[Example 3] Isolation of scFv having anti-mouse NR 10 neutralizing activity, and preparation of 
BM095 as a chimerized IgG 
35 Specifically, the present inventors tried to narrow down the candidate clones from a 

human antibody phage library by panning using biotinylated mouse NR 1 0 protein (extracellular 
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domain). Secretory scFv were purified from the clones, and added to the cell growth assay 
system using IL-3 1 -dependent Ba/F3 cells described in Example 1 . As a result, the clone 
BM095 exhibiting strong growth-suppressing activity was successfully obtained. 

Using PCR, the human H chain variable region (VH) sequence of BM095 was linked to 
5 mouse IgG2a constant region (after CHI), and human L chain variable region (VL) sequence of 
BM095 was linked to mouse X chain constant region, to construct an expression vector. The 
amino acid sequence of the VH is shown in SEQ ID NO : 1 , and the nucleotide sequence 
encoding the amino acid sequence is shown in SEQ ID NO: 2. The amino acid sequence of the 
VL is shown in SEQ ID NO: 3, and the nucleotide sequence encoding the amino acid sequence is 

10 shown in SEQ ID NO: 4. The respective linear expression vectors were simultaneously 

introduced into the cell line DG44, and then a cell line expressing chimerized IgG at a high level 
was selected. A purified sample was obtained from a supernatant of a large-scale culture of this 
cell line using a protein A (rProtein A Sepharose Fast Flow, GE Amersham Biosciences) column 
and cation-exchange column chromatography (SP-TOYOPEARL 650M, TOSOH). 

15 Furthermore, pyrogen was removed using ActiClean Etox (Sterogen) resin to reduce the 

concentration to below the detection limit. The sample was used in the animal experiments 
described below. A result obtained by adding BM095 to the assay system described above is 
shown in Fig. 1 . 

20 [Example 4] Assessment of drug efficacy in an atopic dermatitis model using NC/Nga mice 

A dermatitis model was produced by repeated application of picryl chloride (PiCl) at 
weekly intervals. Specifically, 4 days after sensitization with 5% PiCl (150 ]ul) on the abdomen 
and footpad, the induction of dermatitis was achieved by repeated application of 0.8% PiCl (150 
]ul) on the back and auricle at weekly intervals. The resulting symptoms were observed twice a 

25 week over the third to sixth week period, and five perspectives ((1) pruritus, (2) redness and 
bleeding, (3) edema, (4) injury and tissue damage, and (5) incrustation and dryness) were 
independently scored on a scale of 0 to 3. The antibody was administered at 10 mg/kg into the 
peritoneal cavities the day before sensitization and each induction, 6 times in total (BM095 
group), or the day before each induction after the third week, three times in total (V/B group). 

30 As a positive control, 1 mg/kg dexamethasone was orally administered every day after the third 
week (DEX group). Each group contained 10 male NC/Nga mice. 

As shown in Fig. 2, a significant suppressive effect was found in the 
antibody-administered group as compared to the solvent- administered vehicle group. In 
addition, as seen in Fig. 2, whereas significant weight loss was found in the DEX group, there 

35 was no weight change in the antibody- administrated group. This suggests that the antibody is a 
very safe agent. 
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[Example 5] Assessment of drug efficacy using a chronic dermatitis model created by repeated 
application of picryl chloride 

Six-week-old female BALB/c mice were sensitized by applying 20 jul of 0.5% picryl 
5 chloride (acetone/olive oil (1 :4 v/v) solution) on their right ears. The induction was achieved 
by repeatedly applying 20 |ul of 0.25% picryl chloride (acetone/olive oil (1 :4 v/v)) on their right 
ears every two days since the eighth day after sensitization. 10 mg/kg of BM095 was 
administered into the peritoneal cavities once a week since the day before sensitization in the 
group for evaluation of the preventive effect of BM095 or since the 20th day after the start of 

10 induction in the group for evaluation of the therapeutic effect of BM095. Auricle swelling was 
evaluated by sequentially measuring the thickness of right ear using a dial thickness gauge. 

As a result, a significant suppressive effect was found in the antibody-administered 
group, as seen in Fig. 4. The expression of human NR 10 was reported to be enhanced in 
thickened epidermis of atopic dermatitis patients (Non-patent Document 1). Auricles of the 

15 above-described chronic dermatitis model mice were immunohistochemically stained. As with 
the case of humans, the expression of mouse NR 1 0 was observed to be enhanced in the 
thickened epidermis (Fig. 5; BM095 in which the constant region was replaced with that of 
human IgG was prepared in Example 3 and used in immunohistochemical staining. Portions 
stained brown are NR 10 expression sites). This finding suggests that NR 10 is similarly 

20 involved in inflammatory diseases in both human and mouse. 

[Example 6] Assessment of drug efficacy using collagen-induced arthritis (rheumatism) model 

Preparation of model mice and evaluation of drug efficacy were achieved by the 
procedure described below. 

25 140 ]ul of collagen gel, which was prepared by combining equal amounts of Complete 

Adjuvant H37Ra and 0.3% type II collagen derived from bovine joint, was administered 
intracutaneously to 9-week old female DBA/1 JN mice at the tail head (Day 0; sensitization). 
After three weeks, collagen gel prepared by the same procedure was administered 
intracutaneously on the back to induce the onset of arthritis (Day 21; induction). According to 

30 the body weights two days before sensitization (Day -2), 16 mice were divided into two groups, 
each including 8 mice, to set a medium-administered group and a BM095 -administered group. 
Using as a medium 20 mmol/1 acetate buffer (pH 5.5) (200 mmol/1 NaCl) diluted 6 times with 
PBS, the test substance BM095 was administered intravenously to the 8 mice of the 
BM095 -administered group at the dose of 10 mg/weight kg the day before sensitization (Day -1). 

35 Meanwhile, the same volume of the medium per unit body weight was administered to the 8 

mice in the medium-administered group as a control on Day -1 . Swelling in the four limbs was 



English translation for WO2007/142325 

25 



observed and evaluated by scoring (on a scale of 0 to 4 for each limb: total score 16) since the 
day before induction (Day 20) at 2- to 3-day intervals. 

As a result, the score for swelling in the four limbs was found to decrease after Day 20 
in the BM095 -administered group, as seen in Fig. 6. This suggests that BM095 has the effect 
5 of suppressing the onset of arthritis. 

[Example 7] Assessment of drug efficacy using collagenase-induced arthritis (osteoarthritis) 
model 

Preparation of model mice and evaluation of drug efficacy were achieved by the 

10 procedure described below. 

A control medium (20 mmol/1 acetate buffer (pH 5.5) diluted 6 times with PBS, 200 
mmol/1 NaCl (n=5)), 2 mg/kg BM095 (n=5), and 20 mg/kg BM095 (n=6) were administered (5 
ml/kg) intravenously into the caudal veins of 8-week-old male C57BL/6J Jcl mice (CLEA Japan 
Inc.). Then, 6 ]ul of 1.5% collagenase solution (Type II; Sigma) filtered through 0.45-|um filter 

15 (MILLIPORE) was administered into the right knee joint cavities under anesthesia with 
inhalation of 3% isoflurane (Am J Pathol 1989; 135(6):1001-14). 

The widths of right and left knee joints were determined using calipers (Mitsutoyo CO.) 
immediately before collagenase administration and 3, 7, and 14 days after collagenase 
administration to calculate the difference between right and left. The difference was defined as 

20 a representative value for right knee joint swelling. The area under the curve (AUC) of 

transition of this difference was determined based on the trapezoidal rule, and defined as an 
indicator of drug efficacy. Student's t test was conducted for AUC of the medium control group 
and CNP-administered group using a statistical analysis software (SAS Institute Inc.) (a 
significant difference is assumed when p<0.05). As a result, AUC of the BM095 -administered 

25 group was significantly smaller at any dose than that of the medium control group, as seen in Fig. 
7. This result demonstrates that BM095 suppresses arthritis in the osteoarthritis model. 

[Example 8] Preparation of anti-human NR 10 neutralizing antibody 

Mice were immunized with human NR 10 protein (extracellular domain) {described in 
30 Example 2}, and hybridomas were prepared by conventional methods. The culture 
supernatants of the hybridomas were assayed for the neutralizing activity using the 
human-IL-3 1 -dependent cell line (hNR 10/hOSMR/BaF3 cells) described in Example 1. 
Multiple clones exhibiting strong NR 10 neutralizing activity were obtained (Fig. 8). 

35 [Example 9] Preparation of human chimeric antibody 

The amino acid sequence of the heavy chain variable region of NA633, which exhibited 
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the strongest activity among neutralizing antibodies, is shown in SEQ ID NO: 16, and the amino 
acid sequence of the light chain variable region is shown in SEQ ID NO: 17. In addition, the 
amino acid sequences of CDR1, CDR2, and CDR3 of the heavy chain variable region of NA633 
are shown in SEQ ID NOs: 18, 19, and 20, respectively; and the amino acid sequences of CDR1, 
5 CDR2, and CDR3 of the light chain variable region are shown in SEQ ID NOs: 21, 22, and 23, 
respectively. 

Furthermore, a chimeric antibody comprising the above-described mouse variable 
region and human constant region (IgGl-type H chain; K-type L chain) was prepared by a 
conventional method, and the neutralizing activity was determined. As shown in Fig. 9, the 
10 chimeric antibody NA633 exhibited strong neutralizing activity at low concentrations. 

[Example 10] Isolation of cynomolgus monkey NR 10 

The inventors tried to isolate the cynomolgus monkey NR 1 0 gene, because the 
cross-reactivity and neutralizing activity to cynomolgus monkey NR 1 0 were thought to be 

15 important in safety assessment at the preclinical step. Primers were designed based on 

disclosed Rhesus monkey genomic information and such, and the NR 10 gene was successfully 
amplified from organs of cynomolgus monkey by PCR. An alignment of amino acid sequences 
of human NR 10 and the isolated cynomolgus monkey NR 10 is shown in Fig. 10. The amino 
acid sequence of the cynomolgus monkey NR 10 is shown in SEQ ID NO: 24. A cell line 

20 proliferating in a human-IL-3 1 -dependent fashion was established by introducing the 

cynomolgus monkey NR 10 gene together with the human OSMR gene into Ba/F3 cells, as 
described in Example 1 . The neutralizing activity of the chimeric antibody NA633 described in 
Example 9 was tested using this cell line. The result demonstrated that the antibody also 
exhibited strong neutralizing activity in cynomolgus monkey (Fig. 11). 

25 

[Reference Example 1] Drug efficacy of BM095 in dextran sulfate sodium (DSS) induced colitis 
DSS-induced colitis model (J Immunol (2003) 171:5507-5513), which was reported as a 
pathological model for inflammatory bowel disease (IBD), was prepared to evaluate the effect of 
BM095, an anti-mouse NR 10 neutralizing antibody. An aqueous solution of 5% (w/v) Dextran 

30 Sulfate Sodium Salt (Wako Pure Chemical Industries) was prepared using distilled water filtered 
and sterilized with 0.22-jum filter (Millipore). Six-week old male Balb/cAnN Crj mice 
(CHARLES RIVER LABORATORIES JAPAN) were allowed to freely drink the solution 
from water bottles for 7 days. The body weights were measured, and percent weight changes 
relative to the weights on the first day of DSS administration were used as an index of drug 

35 efficacy. 

Using this model, the anti-mouse NR 10 neutralizing antibody BM095 was 
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intravenously administered at a dose of 10 mg/kg the day before DSS administration and the 
resulting weight loss was evaluated (n=10) to test whether the pathological condition was 
improved by neutralizing IL-3 1 signaling. The group (Vehicle group; n=10) in which a vehicle 
(a mixture of acetate buffer [20 mmol/L sodium acetate and 20 mmol/L sodium chloride] and 
5 phosphate-buffered saline [PBS; GIBCO], which were mixed at a volume ratio of 1 :5) was 
administered intravenously the day before DSS administration, was used as a vehicle control 
group. Furthermore, the course of percent weight change in Balb/cAnN Crj mice of same sex and 
age (n=l) as those in the DSS-administered group was also investigated to know the time course 
of percent weight change in normal mice. 

10 The course of weight is shown in Fig. 12. DSS administration reduced the percent 

weight change in the Vehicle group. The course of percent weight change in the BM095 
administered group was similar to that in the Vehicle group. However, four and five days after 
DSS administration, the percent weight change was significantly reduced in the BM095 group as 
compared to the Vehicle group. These results showed that the administration of BM095 

15 produced no therapeutic effect on colitis of the model. 

It has been reported that the expression of IL-3 IRA is enhanced in this model (WO 
2004/003 140). The experimental results described above demonstrate that antibodies 
neutralizing the molecule produce no therapeutic effect on colitis of this model. 

20 [Reference Example 2] Drug efficacy of BM095 in picryl chloride-induced acute contact 
dermatitis model 

To evaluate the effect of the anti-mouse NR 10 neutralizing antibody BM095, a 
Dermatitis reported as an acute contact dermatitis model (Clin Immunol (2003) 108: 257-262) 
was developed. This Dermatitis is a result of a delayed hypersensitivity reaction due to 

25 sensitization and induction by picryl chloride application. 50 \iL of a solution of 7% picryl 

chloride (nacalai tesque, Inc.; ethanol: acetone = 3:1 (v/v)) was applied onto abdominal skin to 
sensitize 8-week old female Balb/cAnN Crj mice (CHARLES RIVER LABORATORIES 
JAPAN), and after 5 days, 20 |uL of 1% picryl chloride solution (acetone:olive =1:4 (v/v)) was 
applied onto the skin of right auricles to elicit contact dermatitis (Induction). 20 \iL of a vehicle 

30 (acetone :olive = 1 :4 (v/v)) was applied onto the skin of left auricles of the same mice as a control 
to evaluate the effect of the vehicle on the thickness of auricle (Positive group; n=6). The 
thicknesses of right and left ears were measured using a Dial Thickness Gauge (OZAKI MFG.) 
immediately before induction and 24, 48, and 72 hours after induction, and the change in the 
thickness of auricle relevant to the thickness immediately before induction was used as an index 

35 for drug efficacy. 

The group (Negative group; n=6) in which an ethanol-acetone mixture (3:1 (v/v)) 
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without picryl chloride was applied onto the abdominal skin at the time of sensitization, and after 
5 days, 20 juL of 1% picryl chloride solution was applied onto the skin of right auricle and 20 ]uL 
of a vehicle (acetone:olive =1:4 (v/v)) was applied onto the skin of left auricle, was used as a 
control group to evaluate the establishment of pathological conditions. 
5 The group (BM095 group; n=6), in which acute contact dermatitis was induced by the 

same method as that used for the above-described Positive group and then BM095 was 
administered intravenously at 10 mg/kg the days before sensitization and induction, and the 
group (Vehicle group; n=5) in which at the same timing a vehicle (acetate buffer [20 mmol/L 
sodium acetate and 20 mmol/L sodium chloride] and phosphate-buffered physiological saline 
10 [PBS; GIBCO], which were combined at a volume ratio of 1 :5) was administered, was used to 
evaluate the effect of administration of anti-NR 10 antibodies on the pathological conditions in 
the model system. 

The changes in auricle thickness up to 72 hours after induction are shown in Fig. 13. 
The auricle was found to be significantly thickened in the Positive group at each time point of 24, 
15 48, and 72 hours after induction as compared to the Negative group, suggesting establishment of 
pathological conditions. The transition of auricle thickness in the BM095 group was similar to 
that in the Vehicle group, and thus, no significant suppression was found. 

The results described above demonstrate that the administration of BM095 produce no 
therapeutic effect on acute contact dermatitis observed in this model. 

20 

Industrial Applicability 

The present invention provides novel agents for preventing or treating inflammatory 
diseases. The agents for preventing or treating inflammatory diseases provided by the present 
invention comprise as an active ingredient anNR 10 antagonist, more preferably, an antibody 

25 having NR 10-neutralizing activity. 

Monoclonal antibody-based anti-cytokine therapy is drawing much attention in recent 
years. In many actual pathological conditions, however, it has been difficult to produce 
therapeutic effects by blocking a single cytokine, because compensatory pathways are activated. 
Further, it was difficult to estimate in what type of diseases therapeutic effects could be obtained 

30 by blocking the target cytokine. Under the circumstance described above, the present inventors 
discovered that anti-NR 10 neutralizing antibodies could significantly suppress symptoms in 
model mice with atopic dermatitis, chronic dermatitis, rheumatism, osteoarthritis or such. 

The present inventors also succeeded in preparing human NR 10 neutralizing antibodies. 
Agents for preventing or treating inflammatory diseases, which comprise as an active ingredient 

35 human NR 10 neutralizing antibodies, are highly useful for clinical application to humans. 
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CLAIMS 

1 . An agent for preventing or treating an inflammatory disease, wherein the agent comprises an 
NR 1 0 antagonist as an active ingredient. 

5 

2. The preventive or therapeutic agent of claim 1, wherein the NR 10 antagonist is an antibody 
having an NR 1 0 neutralizing activity. 

3. The preventive or therapeutic agent of claim 2, wherein the antibody is a monoclonal 
10 antibody. 

4. The preventive or therapeutic agent of claim 2, wherein the antibody is a monoclonal 
antibody having a human NR 1 0 neutralizing activity. 

15 5. The preventive or therapeutic agent of any one of claims 2 to 4, wherein the antibody is a 
recombinant antibody. 

6. The preventive or therapeutic agent of claim 5, wherein the recombinant antibody is a 
chimeric antibody, humanized antibody, or human antibody. 

20 

7. The preventive or therapeutic agent of any one of claims 2 to 6, wherein the agent comprises 
as an active ingredient a fragment and/or a modified fragment of the antibody with NR 10 
neutralizing activity. 

25 8. The preventive or therapeutic agent of any one of claims 1 to 7, wherein the inflammatory 
disease is atopic dermatitis. 

9. The preventive or therapeutic agent of any one of claims 1 to 7, wherein the inflammatory 
disease is chronic dermatitis. 

30 

10. The preventive or therapeutic agent of any one of claims 1 to 7, wherein the inflammatory 
disease is rheumatism. 

1 1 . The preventive or therapeutic agent of any one of claims 1 to 7, wherein the inflammatory 
35 disease is osteoarthritis. 
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12. An antibody having an NR 10 neutralizing activity. 

13. The antibody of claim 12, which is a monoclonal antibody. 

14. The antibody of claim 12, wherein NR 10 is human NR 10. 

15. The antibody of any one of claims 12 to 14, which is a recombinant antibody. 

16. The antibody of claim 15, wherein the recombinant antibody is a chimeric antibody, 
humanized antibody, or human antibody. 

17. A fragment and/or a modified fragment of the antibody of any one of claims 12 to 16. 

18. A method for preventing or treating an inflammatory disease, which comprises the step of 
administering an NR 10 antagonist to a patient with an inflammatory disease. 

19. Use of an NR 10 antagonist to produce an agent for preventing or treating an inflammatory 
disease. 
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ABSTRACT 

The present inventors obtained, from a phage library of human antibodies, an 
anti-mouse NR 10 neutralizing antibody-expressing BM095 clone that shows a strong 
proliferation-suppressing activity in an IL-31 -dependent Ba/F3 cell proliferation assay system. 
5 When this anti-mouse NR 1 0 neutralizing antibody was administered to NC/Nga mice, a model 
of atopic dermatitis which is a mouse model of chronic dermatitis that arises as a result of 
repeated applications of picryl chloride, a mouse model of rheumatoid arthritis, and a mouse 
model of osteoarthritis, a significant effect of symptom suppression was observed. This 
revealed that the anti-NR 10 neutralizing antibody is indeed effective as a therapeutic agent for 
10 inflammatory diseases. In addition, the present inventors successfully obtained an anti-human 
NR 1 0 neutralizing antibody, providing extremely useful therapeutic agents with practical 
clinical applications. 
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remarkable effect of inhibiting the symptoms. Thus, it is clarified that this anti-NRlO neutralizing antibody is useful in practice as 
a remedy for inflammatory diseases. Moreover, antihuman NR10 neutralizing antibody is successfully acquired and thus a highly 
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[16]#im^MfeLf*^^^#: N tMbtft^Xttth^-Cfc*, [15] ^fEtfeO^f* 

o 

[17] [12] ~ [i6] <d\ ^-rti^Km^mi^m^Rx^xxn^mm^Oo 

Ci8]NRior^^-^h^iEtt^S^Mi-sa#^^-^i-sx@^tp> « 

[19]^^ffi^SO^^/ttt^c7)fcfe^ffiV^y(DMit^^5, NRIOT^ 

[0007] [g]l]BMO95^IL-31^#f4Ba/F3|0^i|?BT5/-fe^^lC^nLfci#cD, BM095^J; 
^mIL-31^iit, i^|fi(OD450(450nmO^^))ft*B^S^-r o /L^Jfi, BM095 

mijum mt. ■. ng/mu ^-r 0 BM095»*(c^#u-c^^if m^j^^^i 

[02]Thfc o -Mjt^^^Vwr>^!^^NRlO^f*^^-Lfc^#C>f^^]m^ 

-r?77x*fo?> 0 mvtnmm (vewciep) t ttmu w^Riotjo^^rnxn^M^ 

[03]Tht°-^jt^^^Vwr>x^^NRlO^f*^^b7>c^#(DSB#^]#:M 
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m7]=t??fi— -vmmM&jfc (mmmw&.) ^x/wc&vvc, bmo95os-^m 

[@8]IL-3 1 #i4 T {d*3 m t hNR 1 0 ^ ^Pfcif* 0»M#l#0 Oil it ^fflMWpfHU ft 

'\±(D^m^-r^yxh^ m*i, #l#2, ^f*3tei^NRio^?p^t£^L7c 

o 

[01O]^^^if/VNRlOtthNRlOcDr5y^Sa^J^Jt^bfc|l|l?fe6 o -ITHS: 
[011]^-^7NA633irLf*^), tML-31^IJ#^7=^^if^NR10/thOSMR/BaF|B^^ 

[^13]#.t^Picryl chrolide &1&B.jfcfc&^/V<D&fr<Dm&<D&fc<Dffl&t:^1~ 
?77X&% 0 

[0008] ^mmn, NRior>^^h^^^tvx^^^m^B(D^m^fcn 

[0009] NRlOtt, ^^^^M^^f^COSMR) ^r^Vv-^MU IL-31(D^^ 
Wt\^XW&tZ>?>'^?WX-fcZ>o glm-r(J Biol Chem 277, 16831-6, 2002), GPL ( 
J Biol Chem 278, 49850-9, 2003) , IL-31RA(Nat Immunol 5, 752-60, 2004) t£}?(D 

%mbl.Xh$nbthX& v ) , «0J(DNRlO^fi N r<D£5&£liff"Wf£;ft5*>^ 

W^-a-^tlSo ^Tt^P^CDNRlOMtt, fcK^?* N ^T(Dftil(75BtfLil]^){Cfe5fe-r5 
NRIO^J^ m^^Mh<DX\^\ ^ , ^LV^NRlOiUTtb^-^^S 
5fccDNR10;3$#tf btlSo thSjfecDNRlO^LT, Sf ^yy^^y^^Tyh^^ 
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fetl/Cl^(WO00/075314) o ±^.^7^»^<VT>h(Do^ NR10.1fi662T^7 

WtfrbteVs Uy&W^WMWik^ir^b%W$kbir& 0 £fc, NRl0.2te> 252T^/m 

0.3*3<t - O 5 IL-31RAv3^^pe>tbTV^ o ^IPJ^I-tSfer-NRlOte:, ^^^^M 
S^#;(OSMR) t^fP^-lr^L, IL-3l<Z>S#f££UT^lig1-5fc<^T*& 
^f^^lJP^^^^OTI^V^S^ ^UV^NR10^UT{*NR10.3(lLRAv4^t^^ 

tv5(Nat Immunol 5, 752-60, 2004) ) :Jo<fctJ*IL-31RAv3$:^}f S^i:^ s "t?#5o NR10. 
3(IL-31R^v4)te662T5/M^^(WO00/075314, Nat Immunol 5, 752-60, 2004) 
, IL-31RAv3i-±732T5:/^^^5(GenBank Accession No: NM_139017) o IL-31RA 
v4cDT^7^gEM^IflM#^-:6^, IL-31RAv3cDT5/^gB^IB^J#^:7^-r o 
— ft, ^^&M(DNRl0tVXn, @E^J#^-:5^|S<6»T^/^|S^^^5^^ 

[0010] ^^P^^^V^TNRlOT^^^^httt^ NRlO^^-^t tU;^ NRlOfg-ffi-ft: 

&mbM?s&. mmm^ mmmmm^ wmwm 

[0011] T^^^HSf^»^M^W^ttS^(-^^PO^^{-J:^ff5-^^^fg-efc 

NRio<z)^{b^fi^t^sisj^rt^^/HHB^^cs^^^^fij^-r^ 

fif<£V\ COOj^^flJ^i, M?Llt, XWDitton SR, et al., Interleukin 31, a cytokine 
produced by activated T cells, induces dermatitis in mice. Nat Immunol. 2004 Jul; 5 
(7):752-60.J ^fEgcO^fe^ioT^f »Si&X*$bZ> 0 VjS^VmWfcfo&UiM 

m^^-rMnm^mwi-^it^u, NRioor^^^h^bS^^tLSo 
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[0012] %:mWfc33i-f%T>?=t^Xhn, ^©ft^iT'feottAIOft^T'fcoT 
[0013] ^^^{ci^ott5NR10T^=f^ *htf>lo<Z)Jgiai£L.T{3\ NR10!^-T6^fP^f4 

jfctt, NRio^<5<^af§tt^p$y^^ffl^^6^f*^m*-rSo *fgem- 

SottS rNRlO^^j-rS^WStt^W-rS^f^J 7Vl^f£T*&oTt^/ 

(Dmimm k s ^t-snrio^cMcd if ^^w^m^lx, ^^^j; 

oTfeiNRlO^ey^n— ^)VWfc%MWJKM, #^tL^NR10^/^n— *T/V%iW- 
r>f-^\ HvK ^v^s ?-^\ ^^^(DBt?Hb^iMv^-^-C# 

/^^V^7c^&(W098/46777^^)^^^CT^f5-t^X^5 0 NRlOcpfP^'14^ 

m^mzm^x\L-3mwmm&w<DmM&tm\x-%mp<*£, NRio^xrrs^fp 

[0015] ^-^W—^^i^Mn, fckpLl^, 5/l^7MV£>C0^}£(Kohler. G. and Milstein, 
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C, Methods Enzymol. (1981) 73: 3-46 )m^^Xfty^b&X^Z> 0 £tH<£>:fe^Il 

RlO^fr^^K^, ^©NRlOBajiJ^A^W^^SSrJP^^^fcfe^^b 
T%J:v\ thNRio.3tt, ^5SWcoNRl0^^S^^tSffi^^Sgt^SrfNR^55 

[0017] rr-C, ^#§KcD±fBfei#:f3:, NR10^^-r5^f0^t4^-r^O^fetL(«(- 
Ite^T, ^7 (chimeric) tMb (humanized) KVfafct£l?<DmMx.&L 

Tff 0^.bft RTti"Cfc5 (Mx.fi, Carl, A. K. Borrebaeck, James, W. Larrick, THER 
APEUTIC MONOCLONAL ANTIBODIES, Published in the United Kingdom by MA 
CM1LLAN PUBLISHERS LTD, 1990#BS)o Mrfc&JKfe* W^JJK-— ^r<DmRNA7> 

#:ov|g»=i-Ki-6DNA^s#fetLtL(i\ rtbSrBffM^Ehfetf*S^W(C^) 

Ki~$DNAS\ th^frC^I^WDNA^t?^^^^— ^ll^jAA/T^ \ 
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[0018] fcMfc&Lffcfi, Wmfc (reshaped) thftftk*M£tl* WA^Y^m LSj^, tltx.lt 
"^^^fclf^ODtSWtt^r^fSJ^CCDR; complementarity determining region) ^thta 

tVCl^o Affcl&Wi, ^^^{*<Z)CDR^th$rC#:(Dy^— i^y— ^^(framewor 
k region;FR) ^^-rSiS^frUhDNABE^JSr, ^SfflJ^— 95X^5^ 

P 239400 , Sl&^ff WK^MSWO 96/02576#f$) o CDRSr^LTa*S$tl5t 

«5«fc5fc*n:ftaE> '^&i$<D7l'~J*y^#ffl$<DT$;&$M&VTb£.\ * (Sato, K.e 
t al., Cancer Res. (1993) 53, 851-856) 0 
[0019] ^7t, tbJn:^^#^-?fe%^q^tbTV^o M^tt\ fcMJ^Jfc-Srin vitro"CFfM<^ 

#5(#2r¥l-59878#flB) 0 £7t, th^itf^CD^T^WN 0 — hy— 

^6(a^#fFtHI^^W#-^-WO 93/12227, WO 92/03918, WO 94/02602, WO 94 
/25585, WO 96/34096, WO 96/33735#f§) 0 
[0020] tYm*-7T--i/7^7^)—%:m^^X, '<~^?mz.£Y)Kyfcft*WLW?Z> 

hfcvf£5r&#-t-3r£;&5-t?£-5o 'frkW^feteJl&l-efc'^ WO 92/01047, WO 92/2 
0791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, WO 95/15388 
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[0021] 



mm^mnmxnnm^mm^T^/mnmn, NRiom-f^fpffiti^r 
m^^x-^^mm^m^xi^mm^m^r^/mmm^mm-r^tc 

tLTV^o #!J;i«:\ ^H#-CfetL«\ ^{i#SW^S^fe(Hashimoto-Gotoh, T, 
Mizuno, T, Ogasahara, Y, and Nakagawa, M. (1995) An oligodeoxyribonucleotide _ d 
irected dual amber method for site-directed mutagenesis. Gene 152, 271-275, Zolle 
r, MJ, and Smith, M.(1983) Oligonucleotide-directed mutagenesis of DNA fragments 
cloned into M13 vectors. Methods Enzymol. 100, 468-500, Kramer ,W, Drutsa.V, Ja 
nsen,HW, Kramer, B, Pflugfelder.M, and Fritz, HJ(1984) The gapped duplex DNA app 
roach to oligonucleotide-directed mutation construction. Nucleic Acids Res. 12, 944 
1-9456, Kramer W, and Fritz HJ(1987) Oligonucleotide-directed construction of mu 
tations via gapped duplex DNA Methods. Enzymol. 154, 350-367, Kunkel,TA(1985) 
Rapid and efficient site-specific mutagenesis without phenotypic selection. Proc Natl 
Acad Sci USA. 82, 488-492) &«^ffiV^T, NR10t^^5^fn?£t4£^^5£ii{$ 



[0022] T$.sm%m&&ig£-i-z>m&ia*, T^ymMQkn&W&foftZhx^^m&T^; 

A, I, U M, F, P, W, Y, V) , MM^T^/miR, D, N, C, E, Q, G, H, K, S, T) , ffi 
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mmwm&GirzTzsmG, a, v, u u p) , &&m^mmmt:#-rz>T$ym(s, 

^(D^^m^'^mWT^tn-f-X^^lbthX^^iM&rk, D. F. et al, Proc. 
Natl.Acad.Sci.USA (1984)81:5662-6; Zoller, M. J. and Smith, M., Nucleic Acids Re 
s. (1982)10:6487-500; Wang, A. et al., Science(l984)224: 1431-3; Dalbadie-McFarla 
nd, G. et al., Proc.Natl.Acad.Sci.USA (1982)79:6409-13) „ ^(D&jft^MWl^ ^ 

[0023] ^/h, mm.^s^M^xnmM.^s^m^T^ymmn^^^x, iw-^wk^r 

^FtLTte, 6M 0.4%SDS, 0.5 x SSC, 37°C(D^i^fci±^tltW\^<D^hV 

y^^y^—(n^4y*y?^—^3ls^\^i$\^X%h c i^HJ^^v-- (D~M 
V^#, Mfctf, 6M 0.4%SDS, 0.1 x SSC<D^fK 42°C3ffflVvfr«\ i^ffilH 
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M&fif, 95%, 96%, 97%, 98%, 99%J^±) <£>ga?iJ<£>l*|— t££r^-f"5 0 

[0024] jiiE^N^yy^^-^3^«^iJffl«^^^d^T,m^-sr^^x^em 

[0025] itSSB^lJ^t^T^/Slga^lJ^P— Karlin and AltschuU^^T/l^yXABLA 
ST (Proc.Natl.Acad.Sci.USA(1993)90:5873-7) {'iotftgf5^^^T:'t5„ r©7 
A-rnjXi^K^VT, BLASTN^BLASTX^P^tf^LS^n^^^H^^^xv^^C 
Altschul et al.,J.Mol.Biol.(1990)215:403-10) o BLAST^S^V^TBLASTN^ioT 
i^Mm^\&M*ffi-&M^a^ f*Mx.fiscore = 100, wordlength = 12 

£i"5o BLAST^ffi^l/^-CBLASTX^ioTT^y^ia^J^Wi-SSr^^fi, 
s<y^ tt^iJx.{iscore = 50, wordlength = 3^-f5 0 BLAST^Gapped BLASTS 

^^;fr^<^ : Rft^&^feJ3:4k£p~C&5 (NCBI (National Center for Biotechnology I 
nformation) (D BLAST (Basic Local Alignment Search Tool) (D^^^h^^M ;ht 
tp://www. ncbi.nlm.nih.gov) 0 
[0026] ^Tt^B^i^ttS^fS, (g^^bfeiff-Cfeo-CbiV^ fcj&mtDi&ttiktfL 
fate, ^ftfeif*(whole antibody, M&fifwhole IgG^)c7)— ffift&X^VX^^tfifo 

[0027] ^mm^n^i&^itm^, ^mm^^-h^&^^<^^tmm^ 
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[0028] &2&m\z.38l1rZ>1&fr¥4\&itic<D — otVX, scFVifiticSrW &Z.kftX%Z> 0 scFv 

fcrn-z, nm^mm ( lvh: ) Rxfmm^mm ( lvu ) sry^— ^-c*£^l-c 

— ^tl^y^^K^bfc^ft^foSCHuston, J. S. et al., Proc. Natl. Acad. Sci. U.S 
.A. (1988) 85, 5879-5883, Plickthun IThe Pharmacology of Monoclonal AntibodiesJ 
Vol.113, Resenburg RXf Moorefi, Springer Verlag, New York, pp. 269-315, (1994)) 

[VH]y^— [VL] 
[VL]y>-^7 — [VH] 

[0029] mm^m^xtemm^m^T^ymnmte, ^> mmu/xu 
$tJue^ttSr^ri-5PS«9, -^^m^irobj^u m^v^y^v^mnv 

[0030] fetf$©BT^fa^^^i-5y^— itfc^-X^fcJ^AL 

#5ffi&<7>^7 ! Wy^#— , X^^b-o-^iy^— > Mx.f^> Protein Engineerin 
g, 9(3), 299-305, 1996(^^£tl5y^7— grill ^^i^^§ 0 

[0031] ^fs^-^i^f^u^y^— te^TWy^— X&Zo ^^KU^*— 

f, l-lOOT^/^ £?3;IX (3:3—507^/^ M^0*b<f*5~3OT^^, 
£L<«12~18T5:/^(MxJ^ 15r^/SS)"CfeS 0 

[0032] ^7 o ^Ky^-(Dr^/m@B^jtLTtt, Mxi«> ^(D^mm&mfz^ktf 

x%z> 0 

Ser 

GlySer 

GlyGlySer 

Ser'GlyGly 

Gly Gly Gly Ser (ga^lj#^- : 8) 
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Ser • Gly • Gly • Gly (Ifi^lJ#^§- : 9) 
Gly • Gly • Gly • Gly • Ser (IB^IJ## : 1 0) 
Ser • Gly • Gly • Gly • Gly (IE^J#-5§- : 1 1 ) 
Gly • Gly • Gly • Gly • Gly • Ser : 1 2) 

Ser- Gly • Gly • Gly • Gly • Gly (BE£lJ## : 1 3) 
Gly • Gly • Gly • Gly • Gly • Gly • Ser (@B^i#-^ : 14) 
Ser - Gly • Gly • Gly • Gly • Gly • Gly (|E^J## : 1 5) 
(Gly • Gly • Gly • Gly • Ser (gE^lJ#^§- : 1 0) )n 
(Ser • Gly • Gly • Gly • Gly ( Ifi^lJS^ : 1 1 ) )n 

[0033] &&fc^v>#~uk$&mffl) ^°^(Dmm^migm^^tvx^^mm 

MxLf£\ N-tKn^riy^> (NHS) h (DSS) , \f 

* h (BS3) , v^^tr;* (^.^v-W^^/^nt 0 ^-^ 
— b) (DSP) N Z>^^\f^{^V^^Z/l/^^J;V7°u\f7>r^—b) (DTSSPh 
?])^~jV}fxfr9i/l/4%i?A'?>#i/*~-b) (EGS) , m^i^^ya— ;l>\fxfrAsfo 
^->W;^/W^^-F) (^/V^-EGS), v^i/W^vvl^S^SIi&CDSTh 
^/V^^v'W^^V'M^B'StSC^^— DST) , W[2-(^i/W5K^* 
/l^crvl^^ v-) m^-/^]^/^^ (BSOCOES) , If* [2- (^V^^W^K^^v- 

# AotfrvW-^ri') rn^vW] ^Vafci' {^jV^ - BSOCOES) "C&t), 

5ftllc75^^K3?.f4^y^ 0 ^KtLTf4, M&fc£, FLAG (Hopp, T. P. et al., BioTe 
chnology (1988) 6, 1204-1210 ), 6^<Z>His(t^^)^S^kft36XHis, lOXHi 
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s, ^-y7V^>f WMM (HA) „ trc-myccDBrJf, VSV-GP©®t>t\ pl8HIV<£>#r>i\ 
T7-tag, HSV-tag, E-tag, SV40T^JICC>$r>T\ lck tag, a -tubulin?) |It>t\ B-tag, Pr 
otein C (D|)f>T-#^^n^^ o ^K^ffl-t-?.rt^-e^§ 0 £^ *mm<D&Cfck 

[0035] ^^^fetflsfi, ^-r^ti^m±-r^m^m±h^^mm^m^K), 
[oo36] ^mm<Dm^^m^^^^m^i^mi-^t^x^^ 0 m^«\ nrio^ 

^dttUiiW^^ff, Co, M. S. et al., J. Immunol. (1994) 152, 2968-2976 ; Bett 
er, M. and Horwitz, A. H., Methods Enzymol. (1989) 178, 476-496 ; Pluckthun, A. 
and Skerra, A., Methods Enzymol. (1989) 178, 497-515 ; Lamoyi, E., Methods Enzy 
mol. (1986) 121, 652-663 ; Rousseaux, J. et al., Methods Enzymol. (1986) 121, 663 
-669 ; Bird, R. E. and Walker, B. W., Trends Biotechnol. (1991) 9, 132-137#flg) 0 
[0037] ^^^-©MtLtlS, M13^"W*- N pUC^^*— , pBR322, pBluescript, pC 

£\ _hfE-<^— (Dmfc, Mxifi, pGEM-T\ pDIRECT, pT7&£* &2£tf tbtiZ> 0 
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a, &±MM^i®£n%£yte±fZW^%:g?^>m^ fe£rjMl09, dh 

5a N HB101, XLl-Blue^^cD^;J3I0tLfci*^(^V^T«, ^JJ§0-e3W£<l§?S 
"e^5J;5^7 3 n^— , M^L«\ lacZ^n^e— (Wardfe, Nature (1989) 341, 54 
4-546 ;FASEB J. (1992) 6, 2422-2427) , araB7°n^— (Better^, Science (1988) 
240, 1041-1043), ^fcfiT7^in^— ^^^oTV>5^i^7pHX^;-Cfc5 0 ~c7> 

<t5^^^ v -^U"Cfi, _b|H^^— Oftil^pGEX-SX-K^T/Wv/r^), TQIAex 
press system] (df-T^rVM) , pEGFP, *fci3pET(;L<£>#<£\ !t^«T7 RNA/tfy^ 

[0038] -<^ — ^^^©fcfec^V^/^ia^lJ^-a-^tLTV^T^iV^ £tf£ 

ftm<Dtz&<D^Jf-r;VUmh\^XU, ^lg©^!J^7Xi.tcS4$*5±J^, pelB 
^^-/VgB^J (Lei, S. P. et al J. Bacteriol. (1987) 169, 4379) ^ffl-TtU^ £V \ ft 

[0039] M*.f*, ^BJ©fei#:^5g-r6fcfe(5D-<^— tVXit, m% 

WJ^&J&OZ&^L^??— (^iff, pcDNA3 (^Vtf r-n^rV|±$!l)^ N pEF-BOS (Nucl 
eic Acids. Res. 1990, 18(17),p5322\ pEF, pCDM8) , ILAftMSft $k<D^%-<W— ( 
Mx.f5TBac-to-BAC baculovairus expression systemj (^V^BRLili) > pBacPAK8) 

, fii^ (M^«pMHU pMH2), Wfoti-i^^l&^W^VZ 

— (Mx.H?> pHSV, pMV, pAdexLcw) , Whni^r/V;*ft 5fe<£>$£^<^— (MxJf , P 
ZIPneo) , W£M&$tCOZgf&<<-?¥— (fflx.it ^ Tpichia Expression Kit J (-< Vtf bn^V 
M), pNVll, SP-Q01), te:^0fe^<^5!/<^— (M;tJ3\ pPL608, P KTII50) fi> 

[0040] CHO», COSt», MH3T3M&^(DW]WMJ&X'CQ^Jt& g W^L-fc#^^» 
, m&fHX>^JL£-&&tcfr><^W£7 P v^~ , M^f^SV407 P n^e— (Mulliga 
nib, Nature (1979) 277, 108), MMLV-LTRt/n^E- — 9 — , EF1 a ^n^- (Mizu 
shima^, Nucleic Acids Res. (1990) 18, 5322), CMV^P^E— Srj^oTV^r 

£^oT^-e&>9, oWfe^«-ra/c^cDitfH^-(^^«\ ^ij(^ 
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Wf^, G4i8^^) \zj&wm^*£5temwwmfcte^)*fii-ni*£b\z:ffri£. 

U\ ^(Dj;5^#tt^-f-5-<^^— tbTri, MXL^> pMAM, pDR2, pBK-RSV, p 
BK-CMV, pOPRSV, pOP13)teifdS^tf fctbSo 

[0041] i&fctt&fe&}K%m£"£, ^o, ^ft-Witfc^at 0 — ^c©iHtIS: 

fE^^^PTi^^^^- (Mx.fc£, pSV2-dhfr(rMolecular Cloning 2nd edition] Cold S 
pring Harbor Laboratory Press, (1989)) ft if) £rzgAU ^hM^-fc— h (MTX) fc«fc«3 

%n^<??- (pcD^if) x*&Mfc$:-rz>j7fe&mfbti% 0 mmm^utvxu, 

^7c, ^r>^^ > 7fV^;^, T>->y^h 0 n— ^r>^ 7 ^(BPV)^cDft^<Z) 

tUT, T^y^y^v-Kh^^^^— if (APH)itfc^-, 
^-7"— if (TK) jtfc^K ±mM^>^>yr^^^J^7VY^ly^y^y— 

if (Ecogpt) jtfsT-, v-^ximmm^mm (dhfr) it>f5^^^tpri^-e#§ 0 

[0042] mi^^^tfc^fc^BJcD^tt, ^^«F^^fi«^(i@±ffe^^)^^¥ 

[0043] 9wW*7*74~- i:UTf4, Wx.lf77/f-f^ w -^nvf^77/f t -, -Y^>^^n 

P"7b^77^' — ^/^^-ffbtl^ (Strategies for Protein Purification and Characterizat 
ion: A Laboratory Course Manual. Ed Daniel R. Marshak et al., Cold Spring Harbor 
Laboratory Press, 1996) „ ZLflb(D2X2~?h<7* : 7~7'<— N fflfePwh??'?^, 
f^HPLC, FPLCm<Dmffi?v^h777^—&m^Xff?^bfcX^ T74=-T^(— 
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%HfbfrlZ> 0 M^L«\ 7°nf^A^V^7AtLT, Hyper D, POROS, Sepharos 
e FF(GE Amersham Biosciences) ^&^f^tl& 0 

t^Xtt^CDf^fM^f^ ^ISKOfeL^C^^feiflcCwhole antibody, ^^.tfwhole Ig 

mnfLXfe, Fab, Fab', F(ab')2, Fv4£&m?Z>Z.b&-(*%Z>a Z.<D£5t£&ifcmK& 

M¥t£^^M^X^%L£l£tllt£^^(MZ-l'£, Co, M. S. et al., J. Immunol. 
(1994) 152, 2968-2976 ; Better, M. and Horwitz, A. H., Methods Enzymol. (1989) 1 
78, 476-496 ; Pluckthun, A. and Skerra, A., Methods Enzymol. (1989) 178, 497-51 
5 ; Lamoyi, E., Methods Enzymol. (1986) 121, 652-663 ; Rousseaux, J. et al., Meth 
ods Enzymol. (1986) 121, 663-669 ; Bird, R. E. and Walker, B. W., Trends Biotech 
nol. (1991) 9, 132-137#f$) 0 

[0045] ^t^mm^mmi, ^p^u^u^-mpeg) , m 
^•c#5o foi£<D&Mfrm*z<Dftwiz&\,^x^x*izmft£tix\<^(M7L& 

, US5057313, US5156840) o &$&$MZ.38i'tZr&iifcl \Z.i-±Z.tlt><D=*^i?a.Sf 
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[0046] tfLfc(DNRmcMi-&U&BVk(DmmU, ^M^K^(D^m^Vft9Z-b^ 
[0047] ^^i^<Z)NR10T^^=^bX«NR10^7t^S^fP^'tt^^r-r5^#:», 

^#ft^#/l^t^-*± N 2005^)^W9o -^Wi-^3^«S«^jt^(rhfc 0 
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mmmmxm, i«gvhd, mmmm^ mm, mm. ^» 

[0049] &mm<D&m±^B<D^®5^±ffl&WMte, i^NRlOT^^— XXttNRl 
0^^5^?P^tt^rS^#:^^^ibT^^r5^^^#^i-rSo NR10 

[0050] %i$&m<DNRlOT>"?=r^W£, $%mz.ft^xMM4kir%zk&X*£?>(Mz-&. Re 

mington's Pharmaceutical Science, latest edition, Mark Publishing Company, Easton 

, u.s.a) 0 $tbK. jksjjijsc, mMfo^nm£ti%fefcRxf/^tctemm$:mz 

^AsX-b£\,\ MiH\ (PEG, Tween^K UMftU mW5±M{T^ 

jv^mm , m&m, mm*. {&&m, %m%L mmm(v>m, ?^>m, m^m 
mmm , *\s—m (edta^o , mmm, mmttm, w&m. mmm, mnm. m 
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^o^y^iei y>yy, ywy^ r^/^7^v, t/v^=^ 
l^m^m<DT^m^ky-^\^xh^ \ mM^^mmti-^m^a^ nrio 

;vm, ^(^ntV^yn— /K PEG#), ^N^>-t£#M£t4 

[0051] 3:7c, ^^(^CNRlOr^y^— ^h^yyt3#:7 0 i?,v(tKP^yy^/M?/^in — 

•^y^^-S.^-^y^^^/V^^i-Sr^-CtS (Remington's Pharmaceutical Scienc 
e 16th edition &, Oslo Ed. (1980)^#)RD o ££>t^ ^iJSrWttcD^IJ^-r^^fe 
t^ftJ-efotK NRlOT^y^"— ^M^MMMfS (Langer et al., J.Biomed.Mater.Res.( 
1981) 15: 167-277; Langer, Chem. Tech. (1982)12: 98-105;7feH4#Wlf 3,773,919 
-^-;gfe'>H#f^ttHI^W(EP)^58,481-^; Sidman et al., Biopolymers(1983)22:547-56; 
EPHl33,988-^-) 0 

[0052] ^m<Di&m±m:&(D^ffi-£fc.ffl£mm*z. & p r ^tti-e^g 

f*filkgfc7t^^t4j^^^0.0001mg~100mg(DtEH^ll^r^^^tg^fe§ o £f c f3 

, M;t«\ thA#^S-^--r^^> M#fc7t«9^tt^^50.001~1000mg/kg-body 
•weightcDfftH^il^r^^t, ltU^rc^S^ftirUT}*, NRlOT^y^ 
^.h^o.01~50mg/kg-bodyweight?M^(Dfi^^tL6'^^W^bV\ U5>Ufc;6S£> 
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[0053] tifcfc&m*, NR10(^^§^fP^t4^^5tfCf*(NR10(^-r?)^fP^^ 

T^tt^cDifr^^^ur^fp^ttw-rSo thNRio^^j-rs^fp^^-rs^y 

[0054] ^SKi^V^T, NR10(C*fi-5^^Pfi^4Wi-5^L#:^^J^bT«x BB^J#-^: 1 

[0055] #3PJJ-f3:> thNR10^^-r?, c f 5 fP^'l4^'t-5^/^n— ^/Hftfrfc^ftSc 
^SH^brth^NR10^7ctt^co|^>T-^W^fflV^i^j;oT^/^n— ^-/^ 

V ^cTs/i?^ tiot, thNRlO 4 1 ! R^'tt^-rS^L^^jl^-r^^ 
*^8^f^V^T, thNRlO^-rS^fP^t^^-f-S^CDMtLTtt, J^T^Ca 
(a) CDRl^bTSa^J#-^-:18^fSic^T5/^ga^J, CDR2^UTIB^J#-^: 19^|E 
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(b) CDRl^LriaM#^-:21^fHicCOT^/^IEMs CDR2^LTSB?!l##:22^|H 
"^^^Sffi'JSSW (FMAT(«^+D) fci? P>tL5o ^G^^Lfcf^ft: 

rr-ev^5i^c^t>— ^mm-r^i^tn, mmm^m^Mvx, m%wkm% 

50 

50 

uRm^Mvx^m^^-r^tf)m^v<, ^-^^nrio^^-ut^^p^ 
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[0056] *mwn, ^Ti^n&i^itsfcSfttSo ---e> nrio, r^=f— ^ 

K ^-/vgtflc, fiii^, ^^S^©lftK«±^iit)*C&So 

(DNRior^^^h^^tt^s^M-rss^^s-^-rsxfs^tp, ffcastt 
m 

(5)^{w«^{£-?;fc5, (2) ~ (4) cov ^fn^tiHi©^ 

(7) NR10^^«^fP^'[4^#i-S^#:(Dp|(f>t^T>VX«^©^^^^^ 

(8) ^3£tt^at^TMf— tt^Jt^-C&S (1) ~ (7) ©V vf tb^^cfBic^^i 

(9) «tt^^^gt4^jt^-Cfe5 (1) ~ (7) (D\ >Tn^^-|B«ccD^m 

(10) ^'[±^S^y^^&^(l)~(7)CDV^-f^^lEm(DM* 

[0057] ^fe^^PJfi, ^T(-^-r^PJ^^fc»i-So NRKK T^=f~XK 

(2)NR10T^^^b^^NR10^(D7j$^tt^-r^fe ! Lf*-rfe6, (1) ^IBfcOf^ 

(4) ^L#:^i5thNR10{^^-f-5^y^n— ^A-tfcftrefcS, (2) iC|Hife(Dffiffi 

(5) feL^Sjjfi^^#:T?&S, (2) ~ (4) ©V ^ ^^dfHft^fM 
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o) &a£ffi0S£25«t£R*!fc , ?&5 (D ~ (7) <z)v ^Tti^mm^mm 

(ll)^'[4^^»^M«Pffi-efe5 (1) ~ (7) oi^axa^fBfi^ffl 

[0058] j^t\ ^mw%mMM\z£V)£bfcM?i$ftfcnm^%&^wn^nbmMmz 

thNRlO cDNA(WO 0075314 SEQ ID No:l) £rl§5fl-<^— pCOSl (Biochem Biop 
hys Res Commun. 228, p838-45, 1996) ^iR^i^, pCosNR10.3i:bfc o $rls^K& 
^l/W&Mfo cDNA(OSMR, GenBank accession No. NM003999) &thB$£7'<Zf s 7 

D^^PCRSSa^it, 3§§l^*— pCosl-hOSMRStfg^Ut, ^ 

^IL-3^^t4pro-BfflI^*^0imBa/F3^, ^M^^lO/igfo^^ 
U^^^^^bn^V— ^ 3 W^2*Ab7c(BioRad Gene Pulser, 960 \i F, 0.33 kV) G 
^At», fcML-3l£r»]-:f#i£U IL-31f*#^tci±i?B^-rifflI^^#^ 0 |r|$& 
Jd, ^!7^IL-31^#t£lfflJ§Slfck> "^^NRlO^ctl^^^OSMRit^^^^^^ 
7cBa/F3^J^^^f^bfc 0 
[0059] V ^TtLt>^Cng/mL<7>ED502r^U, &0}-:l#?fi1-6M^#b;|l^c o fcHL-31#t 

ztitc -?<y*iL-3iikm¥mmmn, ^hl-suzr^-t, -^7^nrio^m6( 

[0060] CHJfeM2] NR10S 6 Ct«^«) oil 

fehNRlO cDNASHSSfc, PCRfeiniDW^M^^^iiitiMb, J^Ct^cIFL 
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AG^BE^iJSrttJPU y&L^tZ— pCXND3 (WO2005/005636) ^l^&/Wc:(pCX 
ND3-NR10-flag) o Et^CL/c^O^^—lO /t gSr^^ —X^A**— IFHIffl 
J3S^DG44^^1x^hcr^u— -"ya^^t-io-r^AbCBioRad Gene Pulserll, 25 m F, 

i.5 kv) , SiS?a^i-|fflJiS^#rt 0 r^*ffliatt^*i#*Lfci#*±?t/6^^:F 
LAG^l(*^^A(SIGMAM), ^Vv«il^^j;i9ftM^p n p^#. ^T^Ha^ftbfc 

[0061] C^ffiM3]fci^r>^KR10cFfP? l g-^^-f" ; 5scFvC^^ili: ^r^IgG^BM095(DIiM 

ort 0 r^X^O^n— >^OTscFv3r»MU r^HJfeMl t-|E^<Z)IL-3H&#tt 
Ba/F3|fflM^tT^ir^^^^PU7t 0 ^CD,^, ^W|WP$lJ?£f££^"-f^n — 
^BM095£#3r^J^jUc o 
[0062] PCR&^J;^ BM095(75tbH$l^fl^Sfi^J(VH)Sr-v'^IgG2a^SIMl^(CHl 

i») ^ thLm^mmm (vu x g^s^^^u $sm-<^— 

§ittffiM£:IE^J#-^:2^-f- 0 ^fc, VL(DT^7^IH^JSr@E^J##:3^, f£T^7 

— £I^H#^DG44^C2||lAU ^ylgGCDiaV^^i^-r^HIS^ilSlJU/to r 
^lBJ^^^:^:ftl#*L.7ti:t#_h?f Xn^-fVACrProtein A Sepharose Fast Fl 
ow, GE Amersham Biosciences^) HH^f^lfe (SP-TOYOPEARL 650M, T 

OSOHM)2>y&?V?h7'y'7^te£.<9 s f#^^p B RSr#f' 0 ActiClean Etox(S 

#tlXc 0 _h|Hrs/-fe^^J'BM095Sr^!jnb^:i^w^^, EU^^To 

&J*^7-VW3, ^bt^y/KPicDM^M-Eli^-r^^^iD^b/to i~ 

ftib"^ 5% PiCl(150 n DJffigP • MJBS— (Dm\^A 0 0.8% PiCl(150 ax L)Hg|MF 
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m)frh&0~3&(DX=LTy>?&mMl.tl o &cm*. M^#ff3i§ffrB©60(BMO9 

m) > t>b<«3M g i«cD^!§fru 0 (v/bp) , 10 mg/kgms^ 

o M^J^^T, 3M g 0 1 mg/kg^lMf-yV^ P i£#Lfc (DEX#) 

[0064] 02^-TJ:5^> ^ffiS^vehiclei^-itU jftflsJS^p-m, Wm^W^J^^ 

[0065] CHJSM5] ^{bt 0 ^y/K#3MLM^J:6'lf tt&Jtifc^Vl'W^l^ft 

6M^-(Z)jft|ttBALB/c^^^^, 20 m L<Z)0.5%3fr(fcfc p ^!J/l' (acetone/olive oil (1:4 v/ 
v)M) ? tl^ltHf ^Tofc 0 ^ft^8 0 g £<91 S*3#^^:^20ju 
0.25%^bfc°^y/^ (acetone/olive oil (1:4 v/v)) ^M^^S^^^ISSrilf^jSL 

MM^20 0 g«fc«9 N M1HU 10 mg/kgCDBM095£rjafl£|*)&#Ut o Dial thickness gau 

[0066] -^(D^m. E]4{-^-f £5^. fci^-^^fi^S^^^J^^^^^^tb^ Th 



[0067] mm^m ^^-eco^^t^ 

9Mtp<DjttfDBA/lJN^;^>PfU ^mW&MO.mm^?— ^V^Complete Adj- 
uvant H37Ra^fi^^U/c^7— ^V^/H40/z L^mfegP^F^t-S^-UTc (DayO 

fg2E«f§L/c(Day2U Kt^) 0 M^ltu* 0 (Day-2) (Dfrfi^^^-^!7^16|ZESf# 
8E<7)2f¥^tf\ f«S^-S¥^BM095S#-l¥^^b/t o W^ffTfo6BM095te 
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, PBST6f##fXLfc20 mmol/L Acetate buffer(pH5.5) (200 mmol/L NaCl) 

Lt, BM095&^f£<D8|ZECD^;^*fL-C10 mg/kg#fi£ft5«£5fcJ&'ffrtft 0 (Day 

mfcfcDIH— ^i^S^^^^Day-l^S-^UfCo £38, fl^tfj 0 (Day20) ±9 
[0068] ^(D^M, mQ^irX^, BM095SW^«Day20^P^CDEK»ffiM(-*5V^T 

[0069] immwm ^y^-r-^mmmm^ (mmmmrn) ^/^x^mmm 

8®S^CDt|C57BL/6J Jcl^^ ( 0 ^UTM) fcfcfU ^MMM (PBS^ff ftf^L 
7c20 mmol/L Acetate buffer, pH5.5, 200 mmol/L NaCl, n=5) , BM095 2mg/kg(n=5), 
BM095 20 mg/kg (n=6) M#K"9#MWS#b7^(5mL/kg) Q ^©f3%^y7/V 
9^®;AJftS^Tt : \ 0.45 u m7j?V$— (MILLIPOREt±jK)~CiElilUfcl.5% 
— (Typell, Sigma*±$lD 6 ^ L^J^M^rt^-^bfc (Am J Pathol 1989; 
135(6):1001-14) o 

[0070] &^(Dmmmm^^"x, ;^{vyY*m*^x^yf*r~ -fefg^EtfL & 

U ^^©ft>&T®^(AUC)&T^&^ttJU ^©m^ib^ 0 auc^o 

V^T, ^^^tCNPS^©KT?^f+^tJfy^h 1 >^T(SAS Instituted) £r 
ffiV>TStudentt^^tfo^(p<0.05(D^^^M^fe 1 9)o W^Hn ^7f^"f £5 

BM095SW»AUC«, v^i*^fflfi^*3V^-c^^*fRSPl^U^{c:/h 

£^o/c 0 rGD*£H£^ BM095^^M4S®3E^^^*3^5M^^^W]*J-r6 
[0071] [HJfeM8]feih:hNR10^^P^Lf$(D^# 

ML-31#c#t£*HJ&t* (hNR10/hOSMR/BaF3;») £JB V ^c^fnf&f^MU S5 
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V ^NRl0^fp?gt££^rf £i ^<oiJ^^n-y|r#fc(i8) 0 

[0072] [^JfeM9]th*^9Srt^Of^fife 

16^, "SiHI ^MW&CDT^/mWZ^WJm^-. 17^1~ 0 X, NA633 
<Z)fi^RT^^^(DCDRl(DT^/^ia^J^Sa^J#-^: 18}^ CDR2t£>T^/BgBE£lJ£r 
BE^J-S-^: 19^ CDR3WT^y^gS^SB^iJ#-^: 20^, gll w]"^iigi$<DCDRl<^ 
T3:y^ia?lJSrSa^J##:21^, CDR2c7>T5:/p^ia^J£ia^lJ##:22^ CDR3<75T 
5/^ia^J^ia?lJ#-^ : 23^-To 

It k ) i©^7KM#SL, ^^t^rl'J^U/ho |D9^i-j:5!'-, ^^NA633 
[0073] [HffiMlO]^7^^if/VNR10<D^g| 

y^'|f#^t^^^9-f^— teWLWrU PCRfe^i^^-^iF/Hi^^NRlO^ 
^It^Cj^Lfco ^ItLfc^^^riPV^NRlOifchNRlO^T^/^gB^JOTy^ 
^^h§rlHl0^i- o X, ^7^^if/VNR10(DT^y^Sa^J^Sa^J#-^-:24^^-r 

kMz.B*/Fzmfc\zMM^. tML-3l^#teit»^-r^fflJ3S^»57:L7ho rtf>*ffl 

W^ffiV>T^J£^!j9(D^^f*NA633©^^P^tt^fl-<fcir5, #=iMl7VV 
^fP^ttSr^i-r ir^lJI^Ut (IH1 1) o 
[0074] [#%Ml]Dextran Sulfate Sodium (DSS) M^^i^^^"f"5BM095CO^gt) 

^ttJJi^B (IBD)(D^S^^^b-C^$^-C^SDSS^^|f^^^(j I 
mmunol 2003;171:5507-5513) ^ft^U ^^^NRlO^fP^f^fcSBM-OgSO^j 
^Sr&ftUfco Dextran Sulfate Sodium Salt <faffi$MM)<05% (w/v) ftW&k^ 0.22 
az m^/H?— (Millipore^)-CMii^0Ufc^@7K?rMV^TM^U, 6Mt^<^^Bal 
b/cAnN Crj^^(p^:^v_ 7 ^.ij^v_^) [^7RfV^T7 0 WJg 
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^^NR10^fq^f*^&5BM095^DSS^^Iij 0 {CIO mg/kg<DffliXM?l*I&-¥ 
LTf«^>£Mb/c(n=10) o ?§«E*ffl8P ^£(SMt«i [20 mmol/L 
Slt^hy^^, 20 mmol/L mt^hV^J^tm^MW^m^k^MPBS, GIBCOM] 
£^*i:bl:5X^Lfc&0)^ DSSiS^ttj 0 ^^MrtS^-bfci^(Vehiclel¥, n=10 

31 Sp, ttS'J^Balb/cAnN Qy^^(DW^^\\L^(DW^^M^ (n=l) 0 

Tb/Co — ^\ BM095^^l¥^^V^TtiVehicle|f ^^IfilW'frSfi^^L-fc^, DS 
SS#^4^3<ttJ«5 0 Tr1iBM095^-C«Vehicle^J:i9^^#^ft:M^^^^ffi;T 

Ufc„ mk^tf^ BM095S^!-J;5^^Vi-»^:fli^^»m«fSi6^^ 

Tf^yvM^V ^Tfi, IL-31RA(D|g^i65/L3l-f-5 - t/S^^thX^ (WO200 
4/003140), ±lH^^O^^ ^^^(D^fPi7i#:^^eT ? /^^^:^^^i-bTY'-& 

[0075] [##M2]^L'|4Picryl chrolide ^Mt^Jt^^ex/H^^f-f 5BM095cD^^) 

^tt^M^J^^^V^LTfR^tlTl^ (Clin Immunol 2003; 108: 257-2 

62), mtV?V/>&& KX&mft • MIS il^S^co^m^C^ it 

I^IL, ^^NR10^fP^f*Xfe5BM-095(753aj^:^f^U/!: o 8M#p«^ 
Balb/cAnN Crj-v">^ ( 0 /K^-U^— $9 (DBM&M^, 50 /z L <D7%M\\L 

tf^U/P (nacalai tesque, Inc.)^^ (^/— ^: Tirh>-=3:1, v/v) Sr^^fJUT^f^ 

(D&<D&ft3cmfcmifii'tc(m&ftmft, n=6) Q m^w.m^xxm^24,48j2m 

m^^<D#(Dm£&Dia\ thickness gauge (MlUfS^BfM) T?$!l5£U ff^ltjitj^ 
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7-/k:Tirh>r^^(3:l, v/v)&&M&M\Z&$i^ ^(D5 L(D1% M 

itt°?y/vmwt%:^(D%jv&m\^ wm(T-th>:^-y—y=i-A, v /v) 20 ml^© 

5^j*^»Lf'l¥ (BE^flSP, n=6) £t£tf fc D 

^•rnxM^mm^m^mmu ^ffrtt 0 te^nwmm 0 ^bmo95 10 mg /kg 

&f§WRF*3&^bfci¥(BM095l¥, n=6)^ NC^5^^?§M(^lgW [20 mmo 
1/L g^m^MJ^A, 20 mmol/L ^b^MJ^A]^«|iff^a^^[PBS, GIBCO 

m&mm&i:5x~m&L,fzi>cD) ^-^vtm (vehicle^, n=5) mmt- 0 
r nhUM x v , bmo95^#^ ^^f^vxmM^n^Mmmm^mmz.n 

[0076] *m m icio-c, ff7c^^|E^ac^^rt«^^j^^#t^^c 0 

[0077] jfi^p, ^y?v~^/ufcmz£%ffi^b%^m£&mB £;ft/cv^ 0 b75>u^^^ 



[0078] thNRlO^P^ffcD^^^j^W'-o thNRlO^fp^f^:^^- 
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[4] ^^^thNRlO^^f-rS^^P^tt^-TS^y^n— ^/^#:-efe6> ft^2^|E 

[6] ll^i^^^^^^f^ fcMfcfci#XtefchfeL#:T&5, fi*^5tcfE*c£>«l£7c 

[7] NR10{C^i-5^fP^tt^^i"5^#:©^^^/X«^©^^^^)^ib 

[9] i&^tt^^tt^Jfl&^fc^ 

[11] ^^a^^ttMffi^feSrt^l-Tc^v^^^l^^fBftw^^fc^ 

[12] NRmzn^&^uffi'it&^-t&mto 

[13] *r/?X2—r;V%iW.X»&Z>, ft^^l2^fSifeco^ 0 

[14] NRio^ti>NRio-efc6ff*:ili2^fEic^in:#;o 

[15] liixiSi^feS, W^12~14(DV^^^1JK^|H*cO^l#: 0 

[16] lltx:iSf^^7^^^ tMb^Xttth^fTefcS, If *3Sl5^|EicO^ 

o 

[17] si*ill2~16<Dl^^irl^fEfc^ 

[is] NRioT^^^h^^^s^M-ram^^^-^-rsxs^tf , ^jmtt^a 
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